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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a novel mesomorphic compound, a liquid crystal composition contain- 
ing the compound, a liquid crystal device using the composition and a display apparatus, and more 
particularly to a novel liquid crystal composition with Improved responsiveness to an electric field and a 
liquid crystal device using the liquid crystal composition for use in a liquid crystal display apparatus, a 
liquid crystal-optical shutter, etc. 

10 Hitherto, liquid crystal devices have been used as an electro-optical device in various fields. Most liquid 
crystal devices which have been put into practice use TN (twisted nematic) type liquid crystals, as shown in 
"Voltage-Dependent Optical Activity of a Twisted Nematic Liquid Crystal" by M. Schadt and W. Helfrich 
"Applied Physics Letters" Vol. 18, No. 4 (Feb. 15. 1971) pp. 127-128. 

These devices are based on the dielectric alignment effect of a liquid crystal and utilize an effect that 

75 the average molecular axis direction Is directed to a specific direction in response to an applied electric 
field because of the dielectric anisotropy of liquid crystal molecules. It is said that the limit of response 
speed Is on the order of miill-seconds. which is too slow for many uses. On the other hand, a simple matrix 
system of driving is most promising for application to a large-area flat display in view of cost, productivity, 
etc., in combination. In the simple matrix system, an electrode arrangement wherein scanning electrodes 

20 and signal electrodes are an-anged in a matrix, and for driving, a multiplex driving scheme is adopted 
wherein an address signal is sequentially, periodically and selectively applied to the scanning electrodes 
and prescribed data signals are selectively applied in parallel to the signal electrodes in synchronism with 
the address signal. 

When the above-mentioned TN-type liquid crystal is used in a device of such a driving system, a 

25 certain electric field is applied to regions where a scanning electrode is selected and signal electrodes are 
not selected or regions where a scanning electrode is not selected and a signal electrode is selected (which 
regions are so called "half-selected points"). If the difference between a voltage applied to the selected 
points and a voltage applied to the half-selected points is sufficiently large, and a voltage threshold level 
required for allowing liquid crystal molecules to be aligned or oriented perpendicular to an electric field Is 

30 set to a value therebetween, display devices normally operate. However, in fact, as the number (N) of 
scanning lines increases, a time (duty ratio) during which an effective electric field is applied to one 
selected point when a whole image area (conresponding to one frame) is scanned decreases wrth a ratio of 
1/N. Accordingly, the larger the number of scanning lines are. the smaller Is the voltage difference of an 
effective value applied to a selected point and non-selected points when scanning is repeatedly effected. As 

35 a result, this leads to unavoidable drawbacks of lowering of Image contrast or occurrence of interference or 
crosstalk. These phenomena are regarded as essentially unavoidable problems appearing when a liquid 
crystal having no bistability (i.e. liquid crystal molecules are horizontally oriented with respect to the 
electrode surface as stable state and is vertically oriented with respect to the electrode surface only when 
an electric field is effectively applied) Is driven (i.e. repeatedly scanned) by making use of a time storage 

40 effect. To overcome these drawbacks, the voltage averaging method, the two-frequency driving method, the 
multiple matrix method, etc. has been already proposed. However, any^ethod is not sufficient to overcome 
the above-mentioned drawbacks. As a result, it Is the present state that the development of large image 
area or high packaging density in respect to display elements is delayed because It is difficult to sufficiently 
increase the number of scanning lines. 

45 To overcome drawbacks with such prior art liquid crystal devices, the use of liquid crystal devices 
having bistability has been proposed by Clark and Lagerwall (e.g. Japanese Lald-Open Patent Appln. No. 
56-107216. U.S.P. No. 4367924, etc.). In this Instance, as the liquid crystals having bistability, fen^oelectric 
liquid crystals having chiral smectic C-phase (SmC^ or H-phase (SmH*) are generally used. These liquid 
crystals have bistable states of first and second stable states with respect to an electric field applied 

50 thereto. Accordingly, as different from optical modulation devices in which the above-mentioned TN-type 
liquid crystals are used, the bistable liquid crystal molecules are oriented to first and second optically stable 
states with respect to one and the other electric field vectors, respectively. Further, this type of liquid crystal 
has a property (bistability) of assuming either one of the two stable states in response to an applied electric 
and retaining the resultant state in the absence of an electric field. 

55 In addition to the above-described characteristic of showing bistability, such a ferroelectric liquid crystal 
(hereinafter sometimes abbreviated as "FLC") has an excellent property, i.e.. a high-speed responsiveness. 
This is because the spontaneous polarization of the ferroelectric liquid crystal and an applied electric field 
directly interact with each other to induce transition of orientation states. The resultant response speed is 



3 




EP 0 439 170 B1 



faster than the response speed due to the interaction between dielectric anisotropy and an electric field by 
3 to 4 digits. 

Thus, a ferroelectric liquid crystal potentially has very excellent characteristics, and by making use of 
these properties, it is possible to provide essential improvements to many of the above-mentioned problems 

5 with the conventional TN-type devices. Particularly, the application to a high-speed optical shutter and a 
display of a high density and a large picture is expected. For this reason, there has been made extensive 
research with respect to liquid crystal materials showing ferroelectricity. However, ferroelectric liquid crystal 
materials developed heretofore cannot be said to satisfy sufficient characteristics required for a liquid 
crystal device Including low-temperature operation characteristic, high-speed responsiveness, etc. Among a 

10 response time r, the magnitude of spontaneous polarization Ps and viscosity ij, the following relationship 
exists: t = ii/(Ps»E). where E is an applied voltage. Accordingly, a high response speed can be obtained 
by (a) increasing the spontaneous polarization Ps, (b) lowering the viscosity or (c) increasing the applied 
voltage E. However, the driving voltage has a certain upper limit in view of driving with IC. etc.. and should 
desirably be as low as possible. Accordingly, it is actually necessary to lower the viscosity or increase the 

75 spontaneous polarization. 

A ferroelectric chiral smectic liquid crystal having a large spontaneous polarization generally provides a 
large internal electric field in a cell given by the spontaneous polarization and Is liable to pose many 
constraints on the device construction giving bistability. Further, an excessively large spontaneous polariza- 
tion is liable to accompany an increase in viscosity, so that remari^able increase in response speed may not 

20 be attained as a result. 

Further, if It is assumed that the operation temperature of an actual display device is 5 • 40 " C. the 
response speed changes by a factor of about 20. so that It actually exceeds the range controllable by 
driving voltage and frequency. 

As described hereinabove, commercialization of a fen-oelectrlc liquid crystal device requires a liquid 

25 crystal composition assuming a chiral smectic phase which has not only a large spontaneous polarization 
but also a low viscosity, a high-speed responsiveness and a small temperature-dependence of response 
speed. 

SUMMARY OF THE INVENTION 



An object of the present Invention Is to provide a mesomorphic compound, a liquid crystal composition, 
particularly a chiral smectic liquid crystal composition, containing the mesomorphic compound for providing 
a practical ferroelectric liquid crystal device, a liquid crystal device using the liquid crystal composition and 
having a high response speed and a smaller temperature-dependence of the response speed, and a display 



According to the present invention, there is provided a mesomorphic compound represented by the 
following formula (I): 



45 wherein Ri and R2 respectively denote an alkyl group having 2-16 carbon atoms capable of having a 
substituent; Xi and X3 respectively denote a single bond, -0-, 
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Xz denotes a single bond, 
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-OC- or -CO-; 

I 8 

o o 



Ai and A2 respectively denote a single bond. 
^0 ^4a ^5a ^4b ^5b' 



15 



20 

Aa denotes 

25 



^ ^- <!>. O- 



^4c i^5c 



30 



35 



o- - 



X4a, Xsa. )Qb. Xsb, and Xsc respectively denote hydrogen, fluorine, chlorine, bromine, -CH3. -CN or -CF3; 
and n is 0 or 1, with proviso that: Xi always denotes a single bond when Ai denotes a single bond, X3 
always denotes a single bond when Az denotes a single bond and n is 0; Ai and A2 cannot be single bonds 
40 simultaneously; X3 cannot be -0- when Xi denotes a single bond or -0-, Ai denotes a single bond or 



45 

denotes 



50 

and Xi cannot be a single bond when Ai denotes 



55 



and A2 denotes a single bond and n is 0. 
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According to the present invention, there is further provided a chiral smectic liquid crystal composition 
containing at least one species of the mesomorphic compound as described above. 

The present invention further provides a liquid crystal device comprising a pair of substrates and such a 
liquid crystal composition as described above disposed between the electrode plates, and a display 
5 apparatus comprising the liquid crystal device. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 

70 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 Is a schematic sectional view of a liquid crystal display device using a liquid crystal composition 
assuming a chiral smectic phase; 

Figures 2 and 3 are schematic perspective views of a device cell embodiment for illustrating the 
75 operation principle of a liquid crystal device utilizing fen'oelectricity of a liquid crystal composition; 

Rgure 4 is a block diagram showing a display apparatus comprising a liquid crystal device utilizing 
ferroelectrlcity of a liquid crystal composition and a graphic controller; and 

Rgure 5 is a time chart of image data communication showing time correlation between signal transfer 
and driving with respect to a liquid crystal display apparatus and a graphic controller. 



DETAILED DESCRIPTION OF THE INVENTION 

Preferred examples of the mesomorphic compound of the formula (1) may include those represented by 
the following formulas [la] - [Iq]: 

25 
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^4b^5b ^4c ^5c 




lib], 



10 



^4b ^5b 



[Ic], 



20 



^4b ^5b 



[Id], 



25 



30 



^4b ^5b 



lie], 



35 



^4b ^5b ^4b ^5b 



^1 "^1 




X3-R2 



tlflr 



40 



^4b ^5b 



N 




R^H H 



X3-R2 



tiglr 



50 



^4a ^5a 
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^4b ^5b 




tip], and 



10 



15 



25 



30 



^4a ^5a 



N 




[Iq] 



with proviso that Xa cannot be -O- when X4b and Xst are both hydrogen in the formula [la]; and when X4a. 
Xsa. X^b and Xsb and ail hydrogen in the formula [If]; and Xi cannot be a single bond when X4a and Xsa are 
both hydrogen in the formula [II]. 
20 In the above, Ri . Ra, X, , X2, X3. X4a. Xga, X4t,. Xgb. and Xgc respectively denote the same as defined 
above. 

Further, preferred examples of the mesomorphic compound of the fomnula (I) may include those 
represented by the following formulas [laa] - [Ina]: 



N 



^4b ^5b 




[laa] , 
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^4b ^5b 



OCR- 
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^4b ^5b ^Ac ^5c 



X3-R2 [Iba], 



^4b ^5b 



O 



^4b ^5b 



^2 tica]. 



^2 [Ida], 



^4b ^5b 



^4a ^5a ^4b ^5b 





I 



^4a j^5a ^4b ^5b 



O 



^4a ,^5a ^4b ^5b 





10 



EP 0 439 170 B1 



^4a ^5a ^4b ^5b 



^4a ^5a 



[lia]. 



^4a ^5a 



[lib]. 



N- 



'<J-<Q 



[Ija], 




O 



^4a ^5a 




[ I ] r and 



^4b ?5b 




[Ina] 



In the above. Ri, R2. Xi. Xs. X4a> Xsa, X4b. Xsb. X4C and Xsc respectively denote the same as defined 
above. 

Preferred examples of Ri and R2 in the formula (I) may respectively include the following groups (i) - 

(iv): 

fi) an n-alkyi group having 2-16 carbon atoms, particularly having 4-14 carbon atoms; . 



11 
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?«3 



-fCH2^CH-C„H2„^1 

wherein m is an integer of 0 - 6 and n is an integer of 2 - 8 (optically active or inactive)- 
JO (iii) " 



CH3 



15 



20 



\ 

-fCH2-^CH-fCH2f5-OC^H2t^l 

wherein r is an integer of 0 - 6. s is 0 orl and t is an integer of 1 - 12 (optically active or inactive): and 



I 

-fCH2^CH-C^H2^^1 

wherein m is 0 or 1 and x is an integer of 1 - 14. Here. • denotes an optically active center. 
Jltp Td °' coMng thiazote rings have been disclosed in H. 

dSi 1 i« ' ^' ^ ■ ^'^^^^ ""^ WO 88/08019. However, the former does not 

fr^^T/n conripound comprising a thia2ole-2.5-diyl derivative as is represented by ttie 

fon^ula (I) according to the present invention. In the latter, there is no disclose of even a soedflc 
embodiment of the thia20le-2,5-diyl derivative. u'fciose or even a specific 

1 3 r^i^dT^I^^Vil *!^°l«-2.5-diyl derivative of the fonnula (I) has a lower viscosity than that of a 
r^^^^^t ^""^""^ "'^'"^^ W° ^°8019 as is understood from B^nple 13 and 

Comparative Example 1 appearing hereinafter, so that the thia2ole-2.5-diyl derivative of the formula (I) can 

arfomJZt^h'/?''^^^^ ^°'"P°='»'°" f'^^'^S high speed responsiveness. We have 

1„H H f ^""^ '''y''^' '=°"'P°«'«°" '■'"P^°^es an operation characteristic at a lower tempera- 

^^LricL fT^r temperature dependence of response speed. As a rBSult, a liquid crystal deSce 

reacSn'Sre^TanX""''' ^"^^ ^ 
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Reaction Scheme A 



0 



Brominatlon 



O 



Hexamethylenetetramine 



Hydrochloric acid 



^2-^3-^A3-X2-^ A2.CCH2NH2-HC1 

O 



R-l -A^-CCl 



8 

O 



^1 -CNHCH2C-A2-tX2-A j^Xj.R 

o o 



P2S5 or 



R, -Xi -Ai -('yA2--eX2-A3-hjrX3-R2 
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Reaction Scheme B 



H2N-CH2COOH 



-X-, -A-, -CCl 



1 1 1 I, 2 
O 



Rl -X, -A, -CNHCH2C-A2 -f X2-A3^X3 
O O 



P2S5 or 



^1 -Al -(^A2 ^X2-A3fjj-X3-R2 



In a case where Xi and X3 are respectively -0-, 



-OC- or -CO- 

fl a 

o o 
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or X2 is 



-OC- or -CO-, 
5 o o 

it is also possible to form a group of R1-X1-A1- or 

through the following steps (a) to (c): 
75 (a) Hydroxy! group or carboxyl group combined with Ai or A2 is modified with addition of a protective 
group Into a non-reactive or less reactive group such as -OCH3, 



-OCCH3, -OCH2 



20 



25 



30 



35 



-OC(CH3)3. 



II ' I ' ^ 

o o 



or -COCH2 



capable of elimination reaction, 
(b) Ring closure is effected to form a thiazole ring. 
40 (c) The protective group is eliminated and then the R1-X1-A1- or 



R2-X3-fA3-X2VA2- 



45 



50 



55 



Structure is formed. 

Specific examples of the mesomorphic compounds represented by the above-mentioned general, 
formula (I) may include those shown by the following structural formulas. 
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(1-1) 



C4H, -^^^J-^-C^H, 

(1-2X, 



(1-3) 



C4Hs -^-^^pL-^CuH 



29 



(1-4) 



CsH„ -^^^>-^-CeHx 

(1-5) 
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(1-6) 



10 



(1-7) 



CsH„ -^^^^^-^^C 



(1-8) 



(1-9) 



C e H „ -(0>-\JKO>- C . 



(1-10) 



C6H« -@4~P-^-Ct 
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(1-12) 



CeH„-@4;pL-^-C 



(1-13) 



(1-14) 



(1-15) 



18 



EP 0 439 170 B1 



(1-16) 

C e H « C ^r^^^^^JMg)- C e H „ 
O 

(1-17) 
(1-18) 



(1-19) 



(1-20) 
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(1-21) 



CsH„ -^-^^^J-^)- C 6 H 



13 



(1-22) 



8 " n 



(1-23) 



CioHz, -^4~P-^-CsH„ 
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(1-26) 
(1-27) 

c«H„--(3)-3;7"<g^c.H. 

(1-28) 



(1-29) 



CHa 



(1-30) 

CH 
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(1-32) 



C4Hs -^y^^^^-^^C 



(1-33) 



CsH„ -(^^^Q-^^C 



(1-34) 

CH 



(1-35) 
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(1-37) 



2 H s 

II 



(1-38) 

O 

(1-39) 

o 

(1-40) 



H23 

II 
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(1-41) 

C 6 H IS 

o 

10 (1-42) 

C e H „ OCC„ H = 
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2S 



Cl-44) 

C ^ H„ OCC . Hn 



(I 
O 



(1-45) 

C a H „ OCC „ H 
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(1-51) 

CsH„ -(g^-A^^ 



IS 



to (1-52) 



O 

(1-53) 



11 

o 



(1-54) 

30 / — \ N 



C 6 H „ -@Hyl-^)- OCC 6 H „ 

o 

(1-55) 

C e H „ OCC « H n 
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SO 
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,0 (1-57) 

,5 ^ 



(1-58) 



25 

(1-59) 

30 



C T H « -^-5^?-^ OO: e H „ 



3S (1-60) 

C T H IS 

45 
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(1-61) 



II 

O 



(1-62) 



(1-63) 



(1-64) 
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(1-65) 
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II 
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(1-66) 



Ch.H« -^^5^^JL.^_ occ 8 H „ 



(1-67) 



,5 C„H29 -^-?^pi-^-OCCe H„ 



il 

O 



(1-68) 

20 



C 6 H„ -©-^'^J-©- OCCHC e H „ 



II* 

25 O 

(1-69) 

CH 3 

30 ^ N — n /-V I 



CsHir -^^^pL-^-OC-eCHa^CHOCsH 



35 

(1-70) 

CH 

40 



C a H s CHCH 2 ""^-^^^J-^- OCC e H ,7 



ii 
O 
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(1-71) 



CeHo -^-ji^J-@-OCCHC4H 



(1-72) 




CsHn -(0>AJK0>-0CC«H,3 

O 



(1-73) 

CN 




c ^ H 8 o -(0>AJK0>- C 3 H 



(1-74) 



C e H „ O -@4!^)L-^- C 4 H 



(1-75) 



C.0 H„ O -@4^JL-^_ C 4 H 
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(1-76) 




c 8 H „ o --(0>AJHO>- C s 




(1-77) 



(1-78) 



(1-79) 



(1-80) 

F 




c„h«o-<0>AJKO>-c 
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(1-81) 



C ^ H « O C e H „ 



(1-82) 



C 6 H „ O C a H „ 



(1-83) 



C ,0 H « O -^^i^J-^- C 8 H n 



(1-84) 



C 6 H n O C 9 H x9 



(1-85) 



C ^ H 3 O -^^^J-^- Ck>H« 
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(1-88) 



C e H „ CO -^^^JM^ C 4 H 
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(1-89) 

C 8 H„(X) 
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(1-90) 

C s H „ CO -^-\J-^-C s H „ 
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c s H„ CHCH , o c s h:, 



(1-92) 



^ N 
C 3 H s CH-f CH -^J|^J-(0)-C 6 H „ 



(1-93) 



II 

25 O 



C s H„CO C s H„ 



(1-94) 



C ^ H s CO -^^;^JL^- C « H „ 



II 
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(1-95) 

C e H o CX) -^-^^J-^- C 6 H ,3 
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(1-96) 

N, 

d 

(1-97) 




C 8 H „ CO C . H « 



C ,0 H„ CO -^-li;^JL^-C e H B 
O 

(1-98) 

C « H „ CO C , H .5 
O 

(1-99) 

C e H „ CO 0 e H „ 

O 

(l-lOO) 

C ,0 H „ C0-@-5^J-^_ C s H rr 
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0>- OCC «, H 



MJ "21 
II 

o 



(1-164) 



c„H«-<g>4xo: 




CsHnO-KOAJKO) 



40 W V MOh-OCCsHw 
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Ca H 
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-183) 



-184) 



21 



-185) 



52 



EP 0 439 170 

(1-186) 

CN CN 

C s H „ -A^JMO)- CO-^-OC e H 



(1-187) 



21 

il 

o 



(1-188) 

N. 



C JO H 2t 



(1-189) 

N. 



C T H IS 



(1-190) 

N- 



53 



EP 0 439 170 
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C 6 H„-@-J<^J-^-OCCH 2 CH 2 CHCH 
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(1-255) 
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(1-256) 

Br 

o 

20 The liquid crystal composition according to the present invention may be obtained by mixing at least 
one species of the compound represented by the formula (I) and another mesomorphic compound in 
appropriate proportions. The liquid crystal composition according to the present invention may preferably 
be formulated as a liquid crystal composition capable of utilizing ferroelectricity, particularly a liquid crystal 
composition showing a chiral smectic phase. 

25 Specific examples of another mesomorphic compound as described above may include those denoted 
by the following formulas (III) to (Xl). 



30 



^2 '"^2* 
(HI) 



35 wherein e denotes 0 or 1 and f denotes 0 or 1 with proviso that e + f = 0or1;Y* denotes H, halogen, CH3 
or CF3; Xi ' and X2' respectively denote a single bond, 



40 

-O- or 

45 



-CO-, -0C-, 

I I 

o o 



-0C0-; 
I 

o 

50 and Xa' and X4' respectively denote a single bond, 

-CO-, -0C-, 

o o 

55 

-OCH2 or -CH2O-. 

In the formula (III), prefenred compounds thereof may include those represented by the following 
formulas (Ilia) to (lild): 
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(IIIc), and 



Rl • ' ^X§;^^4 ' <^X2 • -^2 ' < ^^^'^ ) • 

(IV) 

wherein g and h respectively denote 0 or 1 with proviso that g + h « 1; i denotes 0 or 1; Xi' and 
respectively denote a single bond, 

-CO-, -0C-, 

n ii 

o o 

-0-or 



-OC0-; 
I 

o 



and Xs*. X«' and Xs' respectively denote a single bond. 



-CO-, -0C-, 

I I 

o o 



-CH2O- or -0CH2-. 

In the formula (IV). preferred compounds thereof may include those represented by the following 
formulas (IVa) to (IVc): 
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(IVa), 




Ri'-^iH«XQXO>^2'-^2' 



(IVb), and 



JO 



>5 



20 



Rr-Xl'-<H)^X§>-^5'-<§)-X2'-R2' (IVc) 



Y2' V 



(V) 



25 wherein j denotes 0 or 1; Yi', Y2' and Y3' respectively denote H. halogen, CH3 or CF3; Xr and X2' 
respectively denote a single bond. 



30 



-CO-, -0C-, 

B I 

O O 



-O- and 



35 



-OCO- ; 

s 

0 



40 and X3' and X4* respectively denote a single bond, 



45 



-CO-, 

I 

o 



-0C-, 



50 



4 



-CH2O-, -OCH2-. CH2CH2-. 
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tCH-)-h>CS- , 4CH->-)- CO- , -CH=CH-CO- 

^ ^11 11 II 

o o o 

5 

or -O-. 

In the formula (V), preferred compounds thereof may include those represented by the following 
fomnulas (Va) and (Vb): 

'0 Y^' Y2' 



75 



20 



(VI) 

25 wherein k, 1 and m respectively denote 0 or 1 with proviso that k + I + m = 0, 1 or 2; xr and X2' 
respectively denote a single bond, 



30 



35 



-O- or 



-CO-, -0C-, 

o o 



-OCO- ; 
II 



40 and X3' and X^' respectively denote a single bond, 

-CO-, -0C-, 
11 I 

o o 

45 

-CH2O or -OCH2-. 

In the formula (VI). prefenred compounds thereof may include those represented by the following 
formulas (Via) to (Vlf): 

50 



55 
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15 



20 



25 



Rl'-Xi'Hg><;T>-X3'-^X2'-R2' (VIb), - 

Rt • -X, • -<gH(^X3 ' -<gH©^X2 ' -R2 • ( VIC ) , 

Rl'-xr^;^K5)"^3'-<0)-X2'-R2' (Vie), and 

• -X^ • -(h)-X3 ' -<g>-X2 ' -R2 ' ( Vlf ) . 



Herein, Ri' and R2' respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of Including one or two or more non-neighboring methylene groups which can be replaced with -CH 
halogen- and capable of further including one or two or more non-neighboring methylene groups other than 
those directly connected to Xi' or X2' which can be replaced with at least one species of 

30 

II II 
0 o 

35 



CN CN 

I ^ [ 

^ -CO-, -CH- and -CCH3-, 
I 

O 

45 with proviso that Ri' and R2* respectively do not connect to a ring structure when Rr and R2' respectively 
denote a halogenated alkyl group containing one methylene group replaced with -CH iialogen-. 

Further, preferred examples of Ri ' and R2' may respectively Include those represented by the following 
groups (i) to (vii): 

i) a linear alkyl group having 1-15 carbon atoms; 
50 ii) 




-tCH2->^CH-C^H2q^1 

wherein p denotes an Integer of 0 - 5 and 3 denotes an integer of 1 - 11 (optically active or inactive); 



69 
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iii) 

CH, 

-eCH2i2-CH -fCH2fs-OCtH2t+1 

wherein r denotes an integer of 0 - 6, s denotes 0 or 1. and t denotes an integer of 1 - 14 (optically 
active or inactive); 
iv) 

F 
I 

-{CH2%CH-CyH2v^1 
wherein u denotes 0 or 1 and v denotes an integer of 1 * 16; 

V) 

CH3 
I 

-CHC0C^H2„+1 

II ~ " 
0 

wherein w denotes an Integer of 1 - 15 (optically active or Inactive): 

vi) 

CN 
I 

-<CH2-)2-CH-CbH2b+1 

wherein A denotes an integer of 0 - 2 and B denotes an integer of 1 - 15 (optically active or 
inactive); and 
vii) 



CN 
I 

CH3 

wherein C denotes an integer of 0 - 2 and D denotes an Integer of 1 - 15 (optically active or 
inactive). 

In the above-mentioned formula (111), more preferred compounds thereof may include those represented 
by the formulas (lllaa) to (Hide): 
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( m aa) 



10 



15 



R , ' 



Ri' 




O-R 2 ' 



( DI a b) 



(mac) 



(Had) 



25 




( n ba) 



30 




(in bb) 



35 



40 




(IE bd) 



55 



71 



and 




( HI ca ) 



( IH cb) 



( HI cc) 



( n cd) 



( III da) 



(in db) 



( ni dc) 



o 



In the above-mentioned formula (IV), more prefenred compounds thereof may include those represented 
by the formulas (IVaa) to (IVcd): 
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R 1 ' 




(IV aa) 




(17 ab) 




(IV ba) 



R 1 ' --(hWOMO)- CO — (O)- R 2 ' ( W ca) 

\__/ V_N ^ II ^ 




and 



R , ' -/hWomO)— ch 2 o -<0)— R 2 ' ( IV Cb ) 



in the above-mentioned formula (V), more preferred compounds thereof may include those represented 
by the formulas (Vaa) to (Vbf): 
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( V aa) 



0 



( V ab) 




o 

'-^)-CH 2 CH 2 



( V ac) 



Ra' (Vad) 



' _^-CH 2 CH 2 CO — 2 ' ( V ae) 



II 
O 




O 



CH=CHCO — (o)-R 2 ' 

II ^ 

O 



-H@H-CH 2 O -^-R 2 ' 



(V af ) 



( V ag) 



, ' -^gj^CH 2 CH 2 CS H§)-R2' (Vah) 

O 



74 




In the above-mentioned formula (VI), more prefenred compounds thereof may include those represented 
fay the formulas (Vlaa) to (Vlfa): 
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m 



R 1 ' -(hV- oc -(o)hS)- R 2 ' 
o 



( VI aa) 



(VI ab) 



O 



(VI ba) 



R J ' -/hV-ZhV-OCH 2 — (OV- R2' (VI bb) 



O 



(VI da) 



R , ' -<o)HgKco-(g)- R 2 ' 

O 



( VI ea) 



and 

R I 



o 



(VI fa) 



R3'-Xi' 




QM-X3'^g)4^X2'-R4' (VII) 



76 



wherein E denotes 0 orl; xr and X2' respectively denote a single bond, 
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-0- or 

70 



IS 

and Xs' denotes a single bond. 



20 



o o 



-0C0-; 
I 

o 



-co-, -OC-, 

1 t 



-CH2O- or -OCH2-. 

25 



(VIII) 



30 

Wherein F and G respectively denote 0 or 1; Xi* and X2' respectively denote a single bond, 

35 0 i 

or -0-: 

and Xs' and X*' respectively denote a single bond, 

40 

I I 

o o 

45 

-CH2O- or -OCH2-. u * 11 I 

In the above formula {VII). preferred compounds thereof may Include those represented by the following 

formulas (Vila) and (Vllb): 

so 



55 
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vQ)-^-<^-^4' (Vila), and 



o 



Q>-OC^g)-R4' (Vllb) 



In the above formula (VIII), preferred compounds thereof may include those represented by the 
follwoing formulas (Villa) and (Vlllb). 

15 

^3'^©K^^4* (Villa), and 

20 

^3 • <§>^^1 • ^^4* (Vlllb) . 

25 

More preferred compounds of the formula (VIII) may include those represented by the formulas (Vlllaa) 
to (Vllibb): 



30 



35 



40 



(Vlllaa) , 



(Vlllba), and 

O 



^3 • ^©K^°|^^4 • ( Vllibb ) . 

45 Herein, R3' and FU* respectively denote a linear or branched alkyi group having 1-18 carbon atoms 
capable of Including one or two or more non-neighboring methylene groups which can be replaced with -CH 
halogen- and capable of further including one or two or more non-neighboring methylene groups other than 
those directly connected to Xi ' or X2' which can be replaced with at least one species of -0-, 

50 

U H 

o o 



55 
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CN CN 

I I 
-CO-, -CH- and -CCH,-, 

o 

with proviso that R3' and FU' respectively do not connect to a ring structure when R3' and R4' respectively 
denote a halogenated alley! group containing one methylene group replaced with -CH halogen-. 

Further, preferred examples of Rs' and FU* may respectively include those represented by the following 
groups (i) to (vii): 

i) a linear alkyi group having 1-15 carbon atoms; 

ii) 



I ^ 

wherein p denotes an integer of 0 - 5 and q denotes an integer of 1 - 11 (optically active or inactive); 



iii) 



I ^ 

HCH2^CH-tCH2^ 0CtH2t^1 

wherein r denotes an integer of 0 - 6, s denotes 0 or 1 , and t denotes an Integer of 1 - 14 (optically 
active or inactive); 
iv) 

F 
I 

CH^^ JH-C^Hj V ^. T 
wherein u denotes an integer of 0 - 5 and v denotes an integer of 1 - 16; 

V) 



-CHC0Cj,H2j,^l 
O 



wherein w denotes an integer of 1 - 15 (optically active or inactive); 

vi) 



CN 
I 

-f CHj-i^ CH-CgHjB+i 



7B 



0 439 170 B1 



wherein A denotes an Integer of 0 - 2 and B denotes an integer of 1 - 15 (optically active or 
inactive); and 
vii) 

5 CN 

I 

-fCH2i2-C-CD«2D+1 
CH^ 

70 ^ 

wherein C denotes an integer of 0 - 2 and D denotes an integer of 1 - 15 (optically active or 
inactive). 

15 

(IX) 

20 

wherein H and J respectively denote 0 or 1 with proviso that H + J = 0 or 1; Xr- and X2* respectively 
denote a single bond, 



25 



or -0-: Ar denotes 

00 



35 



-CO-, -OC- 

1 I 

o o 



N-N 



40 

and Xs* and Xi' respectively denote a single bond. 



-CO-, -0C-, 

A k 

o o 



-CH2O- or -0CH2-. 

50 



(X) 
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wherein Xi ' and Xz' respectively denote a single bond. 



-CO-, -OC- 

I B 

o o 



or -0-; Az' denotes 

10 



15 

and Xa* and X*' respectively denote a single bond. 



6 n 

o o 



-CH2O- or -OCH2-. 

25 



R5 • • -A3 • -X3 • -(g><(^^2 ' -Re ' 



30 



wherein xr and X2' respectively denote a single bond, 

-CO-, -oc 

i s 

o o 

40 or -0-; Aa' denotes 



(XI) 



45 

and X3' respectively denotes a single bond, 

-CO-, -0C-, 

o o 

-CH2O- or -OCH2-. 

55 In the above formula (IX). preferred compounds thereof may include those represented by the following 
formulas (IXa) to (IXc): 
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R5'-Xr-Ai'-(Q)-X5'^g;hX2'-R6' (IXb), and 

^5'-Xl'-<Q>-Ai'^:g>-X2'-R6' (IXC). 

In the above formula (X), preferred compounds thereof may include those represented by the following 
formulas p(a) and (Xb): 

R5 • -X^ • ' -(^y X4 • -^H^X2 • -Rg • (Xa), and 

• • -A2 ' -X3 • -(g)<g).X2 • -Rg ' (Xb) . 



In the above-mentioned formula (IX), more prefenred compounds thereof may include those represented 
by the formulas (IXaa) to (IXcc): 
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•%'-^r-<0>^Y^' (IXac), 
O 

%'-^r-<^°|-<g>-«6' 

o 

R5'-<^A,'-<gyOR6' (IXcb). and 

Rs'^^r^Y^' '''''''''' 

o 

In the above-mentioned formula PQ. more preferred compounds thereof may include those represented 
by the formulas (Xaa) to (Xbb): 
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1 

o 



I 

' ' •<§>-OCH2^(h^R6" (Xac) , 

^5'-A2'-(§K3>'^6' (Xba), and 

^5 * -^2 ' - J°"<§KE)-^6 • ( Xbb ) . 

O 

In the above formula pci), preferred compounds thereof may include those represented by the following 
fomiulas (XIa) to pOg): 



R5._0-A3'-CO^g)/(^R6' . (Xlb), 
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Rs'-A3'-CH20^|^^(^R6' ' (XIc), 



10 



15 



20 



25 



O 



Herein. Rs' and Re' respectively denote a linear or branched alkyi group having 1-18 carbon atoms 
30 capable of Including one or two or more non-neighboring methylene groups other than those directly 
connected to Xi' or X2' which can be replaced with at least one species of -0-, 

-C-^ -0C-, -co-^ 
000 



CN CN 

40 I I 

-CH- and -CCH3-. 

Further, preferred examples of Rs* and Rs' may respectively include those represented by the following 
45 groups (i) to (vl): 

i) a linear alkyI group having 1-15 carbon atoms; 

CH3 

50 I 

-<C-H2lp-CH-CgH2q^l 

11) wherein p denotes an Integer of 0 - 5 and g denotes an Integer of 1 - 11 (optically active or 
55 inactive); 
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iii) wherein r denotes an integer of 0 - 6, s denotes 0 or 1, and t denotes an integer of 1 - 14 

(optically active or inactive); 

iv) 



<f«3 

-CHC0Cj,H2„^.i 



wherein w denotes an integer of 1 - 15 (optically active or inactive); 

V) 

20 



CN 
I 

-tCH2^CH-CBH2B+i 



wherein A denotes an integer of 0 - 2 and B denotes an integer of 1 - 15 (optically active or 
inactive); and 

VI) 

30 

CN 

I 

-f CH2-^c" C- C2H2 1 
35 CH3 



wherein C denotes an integer of 0 - 2 and D denotes an Integer of 1 - 15 (optically active or 
inactive). 

40 In fornr^ulating the liquid crystal composition according to the present invention, it is desirable to mix 1 - 
500 wt. parts, preferably 2 - 200 wt. parts, more preferably 3 - 80 wt. parts, of a compound represented by 
the formula (I) with 100 wt. parts of at least one species of another mesomorphic compound other than the 
compound represented by the formula (I). 

Alternatively, the liquid crystal composition may desirably contain 1 - 80 wt. %, preferably 1 - 60 wt %, 
45 more preferably 1 - 40 wt. % of a mesomorphic compound represented by the formula (I). 

Further, when two or more species of the compounds represented by the formula (I) are used, the two 
or more species of the compounds of the formula (I) may be used in a total amount of 1 - 500 wt. parts, 
preferably 2 - 200 wt. parts, more preferably 3 - 80 wt. parts, per 100 wt. parts of at least one species of 
another mesomorphic compound other than the two or more species of the compounds of the fonmula (I). 
50 Alternatively, the liquid crystal composition may desirably contain 1 - 80 wt. %, preferably 1 - 60 wt %, 
more preferably 1 - 40 wt. %, of the two or more species of the compounds represented by the formula (I). 

The liquid crystal device according to the present invention may preferably be prepared by heating the 
liquid crystal composition prepared as described above into an isotropic liquid under vacuum, filling a blank 
cell comprising a pair of oppositely spaced electrode plates with the composition, gradually cooling the cell 
55 to form a liquid crystal layer and restoring the normal pressure. 

Figure 1 is a schematic sectional view of an embodiment of the liquid crystal device utilizing 
ferroelectricity prepared as described above for explanation of the structure thereof. 
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Referring to Figure 1, the liquid crystal device includes a liquid crystal layer 1 assuming a chiral 
smectic phase disposed between a pair of glass substrates 2 each having thereon a transparent electrode 3 
and an insulating alignment control layer 4. Lead wires 6 are connected to the electrodes so as to apply a 
driving voltage to the iiquld crystal layer 1 from a power supply 7. Outside the substrates 2, a pair of 

5 polarizers 8 are disposed so as to modulate incident light to from a light source 9 In cooperation with the 
liquid crystal 1 to provide modulated light I. 

Each of two glass substrates 2 is coated with a transparent electrode 3 comprising a film of InaOs. 
SnOa or ITO (indium-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is formed by rubbing a film of a polymer such as polyimide with gauze or acetate fiber-planted cloth 

70 so as to align the liquid crystal molecules in the rubbing direction. Further, it Is also possible to compose 
the alignment control layer of two layers, e.g.. by first forming an insulating layer of an inorganic material, 
such as silicon nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide containing 
hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide, 
zirconium oxide, titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 

75 an organic insulating material, such as polyvinyl alcohol, polyimide, polyamide-imide. polyester-imide, 
polyparaxylylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, 
polyamide, polystyrene, cellulose resin, melamine resin, urea resin, acrylic resin, or photoresist resin. 
Alternatively, it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insulating alignment control layer. An inorganic insulating alignment control layer may be formed by 

20 vapor deposition, while an organic insulating alignment control layer may be formed by applying a solution 
of an organic insulating material or a precursor thereof in a concentration of 0.1 to 20 wt. %, preferably 0.2 - 
10 wt. %, by spinner coating, dip coating, screen printing, spray coating or roller coating, followed by curing 
or hardening under prescribed hardening condition (e.g., by heating). The jnsulating alignment control layer 
may have a thickness of ordinarily 30 A - 1 micron, preferably 30 - 3000 A, further preferably 50 - 1000 A. 

25 The two glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 
"electrode plates") and further with insulating alignment control layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 
be formed by sandwiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with, e.g., an epoxy adhesive. Alternatively, a polymer 

30 film or glass fiber may also be used as a spacer. Between the two glass plates, a liquid crystal assuming a 
chiral smectic phase is sealed up to provide a liquid crystal layer 1 in a thickness of generally 0.5 to 20 
microns, preferably 1 to 5 microns. 

The liquid crystal provided by the composition of the present invention may desirably assume a SmC* 
phase (chiral smectic C phase) in a wide temperature range including room temperature (particularly, broad 

35 in a lower temperature side) and also shows wide drive voltage margin and drive temperature margin when 
contained in a device. 

Particularly, in order to show a good alignment characteristic to fomn a uniform monodomain. the liquid 
crystal may show a phase transition series comprising isotropic phase - Ch phase (cholesteric phase) - 
SmA phase (smectic A phase) - SmCT phase (chiral smectic C phase) on temperature decrease. 

40 The transparent electrodes 3 are connected to the external power supply 7 through the lead wires 6. 
Further, outside the glass substrates 2, polarizers 8 are applied, Thevdevice shown in Figure 1 is of a 
transmission type and is provided with a light source 9. 

Figure 2 is a schematic illustration of a liquid crystal cell (device) utilizing ferroelectridty for explaining 
operation thereof. Reference numerals 21a and 21b denote substrates (glass plates) on which a transparent 

45 electrode of, e.g., InaOs, SnOa, ITO (indium-tin-oxide), etc., is disposed, respectively. A liquid crystal of an 
SmC-phase (chiral smectic C phase) or SmH*-phase (chiral smectic H phase) in which liquid crystal 
molecular layers 22 are aligned perpendicular to surfaces of the glass plates is hermetically disposed . 
therebetween. Full lines 23 show liquid crystal molecules. Each liquid crystal molecule 23 has a dipole 
moment (Pj) 24 in a direction perpendicular to the axis thereof. The liquid crystal molecules 23 

so continuously form a helical structure in the direction of extension of the substrates. When a voltage higher 
than a certain threshold level is applied between electrodes formed on the substrates 21a and 21b. a helical 
structure of the liquid crystal molecule 23 is unwound or released to change the alignment direction of 
respective liquid crystal molecules 23 so that the dipole moments (Pj^) 24 are all directed in the direction of 
the electric field. The liquid crystal molecules 23 have an elongated shape and show refractive anisotropy 

S5 between the long axis and the short axis thereof. Accordingly, it is easily understood that when, for instance, 
polarizers arranged in a cross nicol relationship, i.e.. with their polarizing directions crossing each other, are 
disposed on the upper and the lower surfaces of the glass plates, the liquid crystal cell thus arranged 
functions as a liquid crystal optical modulation device of which optical characteristics vary , depending upon 
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the polarity of an applied voltage. 

Further, when the liquid crystal cell is made sufficiently thin (e.g., less than about 10 microns), the 
helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence of an electric field, whereby the dipole moment assumes either of the two states, i.e., Pa in an 

5 upper direction 34a or Pb in a lower direction 34b as shown in Figure 3. thus providing a bistable condition. 
When an electric field Ea or Eb higher than a certain threshold level and different from each other in 
polarity as shown In Figure 3 is applied to a cell having the above-mentioned characteristics by using 
voltage application means 31a and 31b, the dipole moment is directed either In the upper direction 34a or 
in the lower direction 34b depending on the vector of the electric field Ea or Eb. In corresporidence with 

10 this, the liquid crystal molecules are oriented in either of a first stable state 33a and a second stable state 
33b. 

When the above-mentioned ferroelectric liquid crystal is used as an optical modulation element, it is 
possible to obtain two advantages. Rrst is that the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage will be further explained, e.g., with 

15 reference to Figure 3. When the electric field Ea is applied to the liquid crystal molecules, they are oriented 
in the first stable state 33a. This state is stably retained even If the electric field is removed. On the other 
hand, when the electric field Eb of which direction is opposite to that of the electric field Ea is applied 
thereto, the liquid crystal molecules are oriented to the second stable state 33b, whereby the directions of 
molecules are changed. This state is similariy stably retained even if the electric field is removed. Further, 

20 as long as the magnitude of the electric field Ea or Eb being applied is not above a certain threshold value, 
the liquid crystal molecules are placed in the respective orientation states. 

Based on the arrangement and data format comprising image data accompanied with scanning line 
address data and by adopting communication synchronization using a SYNC signal as shown in Figures 4 
and 5, there is provided a liquid crystal display apparatus of the present invention which uses the liquid 

25 crystal device according to the present invention as a display panel portion. 

Image data are generated in a graphic controller 102 in an apparatus body and transferred to a display 
panel 103 by signal transfer means shown in Figure 4 and 5. The graphic controller 102 principally 
comprises a CPU (central processing unit, hereinafter refen-ed to as "GCPU") 112 and a VRAM (video- 
RAM, image data storage memory) 114 and Is In charge of management and communication of image data 

30 between a host CPU 113 and the liquid crystal display apparatus (FLCD) 101. The control method 
according to the present invention is principally realized in the graphic controller 102. 
A light source is disppsed at the back of the display panel 103. 

Herelnbelow. the present invention will be explained more specifically with reference to examples. It is 
however to be understood that the present invention is not restricted to these examples. 



2-(4-hexylphenyl)-5-(4-pentanoyloxyphenyl)thiazole (Example Compound No, 1-53) as synthesized 
through the following steps I) - v). 
40 Step i) 4-methoxyphenacyl bromide was prepared by brominating 4-methoxyacetophenone with 
tetrabutylammonium tribromine in the same manner as In "Bull. Chem. Soc. Jpn.", 60, 1159 (1987). 
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Example 1 
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Hexamethylenetetramine 

(C6H12N4) 

O 



HCl 

70 



O 

75 



CH30-(g)^CCH2NC6Hi 2N3 " 

CH30-(^^)-CCH2NH2 HCl 



20 

4-methoxyphenacylamfne hydrochloride was synthesized from 4-methoxyphenacyl bromide through the 
above reaction scheme according to a process shown in "Ber.". 44, 1542 (1911). 



Step iii) 

25 



n 

O 

30 



HCl • H2NCH2C-^^OCH3 



J 
O 



3S 



«^6Hl 3-©-JNHCH2C^g)-OCH3 



45 To a solution of 26.9 g (120 mM) of 4-hexylbenzoyf chloride in 206 ml of pyridine. 22.2 g (110 mM) of 
4-methoxyphenacylamine hydrochbride was gradually added in 30 minutes under cooling and stirring at -10 
to -5 • C. followed by stinging for 30 minutes at -10 to -5 'C and heat-refluxing of 1 hour under stirring. After 
the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of coo! water to 
precipitate a crystal. The crystal was recovered by filtration^ washed with water and recrystallized from 

50 ethanol to obtain 19.6 g of 4-hexylbenzoyh4*-methoxyphenacylamine 
(Yield: 50.5 %). 
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Step iv) 



^6^1 3-<Q)-f NHCHjC^OCHj 



O 0 



Lawesson's reagent < — . N-^ . — . 



HBr N- 



20 In a 300 ml-round-bottomed flask, 19.6 g (55.5 mM) of 4-hoxylben2oyl-4'-methoxyphenacylamine. 24.3 
g (60.1 mM) of Lawesson's reagent and 97 ml of tetrahydrofuran were placed, followed by heat-refluxing for 
1 hour under stirring. After the reaction, the reaction mixture was poured Into a solution of 19 g of sodium 
hydroxide in 2 liters of water to precipitate a crystal. The crystal was recovered by filtration, successively 
washed with water and ethanol and recrystallized from ethanol to obtain 15.9 g of 2-(4-hexylphenyl)-5-(4- 

25 methoxyphenyl)thia2ole (Yield: 82.9 %). 

Then, in a 300 ml-three-necked flask, 13.9 g (39.3 mM) of 2-(4-hexylphenyl)-5-(4-methoxyph9nyl)tia2ole, 
76.5 ml of acetic acid and 69.5 ml of 47 %-hydrobromic add were placed, followed by heat-stirring for 16 
hours at 100 - 110 'C. After the reaction, the reaction mixture was poured into cool water, followed by 
extraction with ethyl acetate. The organic layer was successively washed with water. 5 %-sodium 

30 hydrogenecarbonate aqueous solution and water, followed by distilling-off of the solvent under reduced 
pressure. The residue was dissolved in a mixture solvent of ethanol/chtoroform = 1/1. followed by 
decolorization with activated carbon and distilling-off of the solvent under reduced pressure. The resultant 
residue was recrystallized two times from toluene to obtain 10.0 g of 2-{4-hexylphenyl)-5-(4-hydroxyphenyl)- 
thiazole (Yield: 75.8 %). 



Step v) 



C4HgC0Cl 

o 



To a solution of 0.60 g (1.78 mM) of 2-(4-hexylphenyl)-5-(4'hydroxyphenyI)thia2ole In 10 ml of pyridine. 
0.36 ml (3.03 mM) of pentanoyi chloride was added on an ice water bath under stirring, followed by further 
stin'ing for 2 hours at room temperature. After the reaction, the reaction mixture was poured into 100 ml of 
ice water to precipitate a crystal. The crystal was recovered by filtration and dissolved in toluene, followed 
55 by drying. with anhydrous sodium sulfate and distilling-off of the solvent. The residue was purified by silica 
gel column chromatography (eluent: toluene) and recrystallized from a mixture solvent of toluene-methanol 
to obtain 0.64 g of 2-(4-hexyIphenyl)-5-(4-pentanoyIoxyphenyl)thia20le (Yield: 85.4 %). 
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Phase transition temperature ( * C) 



101 .9 128.5 149.4 

Cryst. SmC ■ N ■ Iso- 

96.0 127^7 148.6 



Herein, the respective synnbols denote the following phases. Iso.: isotropic phase, N: nennatic phase, 
SmC: smectic phase, and Cryst.: crystal. 

Example 2 

2-{4-hexylphenyl)-5~(4-heptanoyloxyphenyl)thiazole (Example Compound No. 1-54) was prepared in the 
same manner as in Step v) of Example 1 except that heptanoyi chloride was used instead of pentanoyi 
chloride (Yield: 79.6 %). 



C6H13CCI 



Phase transition temperature ( * C) 



73.1 83.2 139.3 148.7 

Cryst. ^ w.;Ti3 SmC ■ N » Iso. 

<-10 80.0 138.5 147.9 



Sm3: smectic phase of higher order than SmA and SmC (un-ldentified) 
Example 3 

2-(4-hexylphenyl)-5-(4-nonanoyloxyphenylthiazoie (Example Compound No. 1-55) was prepared in the 
same manner as In Example 2 (Yield: 69.1 %). 



<:6Hl3^\"><g;^°f8Hl7 
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Phase transition temperature {'C) 



58.0 75.8 146.4 148.1 

Cryst. - Sm3 SraC N ^ Iso, 

45.4 74.9 ^ 145.6 147.1 



70 Exan^ple 4 

2-(4-hexylphenyI)-5-(4-undecanoyloxyphenyl)thia20ie (Example Compound No. 1-57) was prepared in 
the same manner as in Example 2 (Yield: 69.0 %). 

'® ^ / — V CinHoiCOCl 

-^eHn^J^- — 



0 



25 

Phase transition temperature (*C) 



74.9 86.2 147.0 

30 Cryst. ■ Sm3 * - SmC Iso. 

42.0 85.3 146.2 



35 Example 5 

2-(4-octylphenyl)-5-(4-nonanoyloxyphenyl)thia2ole (Example Compound No. 1-63) was prepared in the 
same manner as in Example 1 (Yield: 84.3 %). 

40 N-^ ^ CqHi^COCI 



o 



so 



55 
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Phase transition temperature ( * C) 



59.4 74.5 78.5 148.5 

Cryst. *■ Sm4 Sm3 ^ SmC Iso. 

<-10 68.4 77.5 147.4 



Sm4: snrtectic phase of higher order than SmA and SmC (un-identified) 
Example 6 

2-decyl-5-(4-heptanoyloxyphenyl)thiazole (Example Compound No. 1-130) was synthesized through the 
following steps i) - III). 



Step I) 



HC1-H2NCH2C^(^0CH3 



C-,qH2-|C0C1 



Cl0H2lJNHCH2CH(g>-OCH3 

o o 



To a solution of 22.0 g (108 ml^) of undecanoyi chloride in 185 ml of pyridine. 22.2 g (110 mM) of 4- 
methoxyphenacylamine hydrochloride was gradually added in 30 minutes under cooling and stirring below 
-5 -C, followed by stirring for 30 minutes below -5 'C and heat-refluxing of 1 hour under stirring. After the 
reaction, the reaction mixture was cooled to room temperature and poured into 1 liter of cool water to 
precipitate a crystal. The crystal was recovered by filtration, washed with water and recrystallized from 
ethanol to obtain 13.9 g of decanoyl-4-methoxyphenacylamlne (Yield: 38.8 %). 



Step ii) 



CToH2iCNHCH2C^g>.OCH3 



Lawesson 's reagent N--^ . — > 
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In a 200 ml-round-bottomed flask. 13.9 g (41.7 mM) of decanoyl-4-methoxyphenacylamine, 18.3 g (45.2 
mM) of Uwesson's reagent and 73 ml of tetrahydrofuran were placed, followed by heat-refluxing for 1 hour 
under stining. After the reaction, the reaction mixture was poured into a solution of 14,4 g of sodium 
hydroxide in 1.5 liters of water to precipitate a crystal. The crystal was recovered by filtration, washed with 
5 water and recrystallized from ethanol to obtain 11.6 g of 2-decyl-5-(4-methoxyphenyl)thiazole (Yield: 83.9 
%). 

Then, in a 500 ml-three-necked flask. 11.6 g (35.0 mM) of 2-decyl-5-(4-methoxyphenyi)tiazole, 93 ml of 
acetic acid and 102 ml of 47 %-hydrobromic acid were placed, followed by heat-stirring for 16 hours at 100 
- 110 -C. After the reaction, the reaction mixture was poured into cool water, followed by extraction with 
70 benzene. The organic layer was successively washed with water, 5 %-sodium hydrogenecarbonate aqueous 
solution and water, followed by distilling-off of the solvent under reduced pressure. The residue was purified 
by silica gel column chromatography (eluent chloroform) and recrystallized from toluene to obtain 7.0 g of 
2-decyl-5-(4-hydrQxyphenyl)thlazole (Yield: 63.1 %). 



75 Step iii) 



20 



25 



N CgH^3COOH 
0^21 \ J<Q>-°« 



O 



In a 50 ml-round-bottomed flask. 0.60 g (1.89 mM) of 2-decyl-5-(4-hydroxyphenyl)thlazole. 0.28 ml (1.97 
30 mM) of heptanoic acid and 15 ml of dichloromethane were placed and mixed. To the solution, 0.39 g (1.89 
mM) of N.N'-dicyclohexylcarbodiimide and 0.03 g of 4-pyrrolldinopyridine were successively added under 
stining at room temperature, followed by further stirring for 2 hours at room temperature. After stirring, the 
mixture was left standing overnight at room temperature to precipitate N.N'-dicyclohexylurea. The resultant 
N,N'-dicyclohexylurea was filtered off and the solvent of the filtrate was distilled-off under reduced pressure. 
35 The residue was purified by silica gel column chromatography (eluent: toluene) and recrystallized from 
acetone to obtain 0.62 g of 2-decyl-5-(4-heptanoyloxyphenyl)thiazole (Yield: 76.4 %). 

Phase transition temperature (*C) 



Cryst. ^ ISO. 



45 




Example 7 

50 

2-decyl-5-{4-nonanoyloxyphenyl)thlazole (Example Compound No. 1-132) was prepared in the same 
manner as in Example 6 (Yield: 34.9 %). 
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N-^ y — . CgH^-yCOOH 



Cl0H21-<^y(O>-O» 



10 

Phase transition temperature ( * C ) 

15 



20 



6 



77.8 

Cryst. ^ *' ISO- 

73.8 



Example 8 

2-(4-hexyIphenyl)-5-(4-nonyIphenyl)thiazole (Example Compound No. 1-12) was synthesized through the 
25 following steps i) - iii). . 

Step i) 



30 



35 



40 



O 



H^NHC-^COH 

' 'I 

O 



C6«13-<0^|NHCH2COH 

o o 



In a 200 ml-three-necked flask, 3.34 g (44.5 mM) of glycine, 0.89 g (22.3 mM) of sodium hydroxide and 
16.7 m! of distilled water were placed and mixed. To the solution, 16.7 ml of dioxane was added. To the 

45 resultant mixture, a solution of 0.89 g (22.3 mM) of sodium hydroxide in 8.4 m) of distilled water and a 
solution of 5.00 g (22.2 mM) of 4-hexylbenzoyl chloride in 33.4 ml of dioxane were gradually added 
simultaneously at -1 to 3 • C by dropping funnels, respectively, followed by stirring for 30 minutes at 1 - 2 
•C. After the reaction, 2.3 ml of concentrated hydrochloric acid was added to the reaction mixture to 
precipitate a crystal. The crystal was recovered by filtration and washed with water, followed by drying and 

50 recrystalltzation from ethyl acetate to obtain 4.66 g of N-(4-hexylbenzoyl)glycine (Yield: 82.9 %). 
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Step ii) 



O O 

^6^1 «^«2f ^§;^^9Hl 9 



O O 



20 In a 50 ml-three-necked flask. 1.00 g (3.80 mM) of N-(4-hexylbenzoy!)glycine and 19 ml of dry benzene 
were placed. To the mixture. 0.53 ml (3.81 mM) of triethylamine was added at room temperature under 
stirring, followed by addition of 0.37 ml (3.87 mM) of ethyl chloroformate and lurther stirring for 20 minutes 
at room temperature to precipitate triethylamine hydrochloride. The resultant hydrochloride was filtered off 
and the solvent of the filtrate was distilled off. The residue was dried under reduced pressure to obtain 2-(4- 

25 hexylphenyl)-5-oxazolone. 

Then, in a 50 ml-three-necked flask, 4 ml of dry nonylbenzene was placed and 1,52 g (11.4 mM) of 
powdered anhydrous aluminum chloride was added thereto on an ice bath under stirring. To the mixture, a 
solution of the above-prepared 2-(4-hexylphenyl)-5-oxazolone in dry nonylbenzene was gradually added on 
the ice bath under stirring. After the addition, the ice bath was removed, followed by stirring for 1.5 hours at 

30 room temperature. After the reaction, the reaction mixture was poured into a mixture of 30 g of ice and 8.4 
ml of hydrochloric acid, followed by addition of 100 ml of ethyl acetate and stirring at room temperature. 
The organic layer was washed with water and dried with anhydrous sodium sulfate, followed by distilling-off 
of the solvent under reduced pressure. Then, hexane was added to the residue to precipitate a crystal. The 
crystal was recovered by filtration and washed with hexane to obtain 0;71 g of 4-hexylbenzoyl-4*- 

35 nonylphenacylamine (Yield: 41 .6 %). 



Step ill) 



40 



45 



50 



o o 



Lawes son's reagent y— \ N 



In a 30 ml-round-bottomed flask, 0.65 g (1 .45 mM) of 4-hexylbenzoyl-4'-nonylphenacyIamine, 0.62 g 
(1.53 mM) of Lawesson's reagent and 10 ml of tetrahydrofuran were placed, followed by heat-refluxing for 
55 min. under stining. After the reaction, the reaction mixture was poured into a solution of 0.46 g of sodium 
hydroxide in 100 ml of ice water to precipitate a crystal. The crystal was recovered by filtration and 
55 dissolved in toluene, followed by washing with water, drying with anhydrous sodium sulfate and distilllng-off 
of the solvent The residue was purified by silica gel column chromatography and recrystallized two times 
from a mixture solvent of toluene-methanol to obtain 0.37 g of 2-(4-hexylphenyl)-5-(4-nonyIphenyl)thiazole 
(Yield: 57^ %). 
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Phase transition temperature (* C) 



61.0 72.2 126.8 

Cryst. ^ SmC ■ SmA * Iso 



51 .1 



71 .2 



125,5 



SmA: smectic A phase 
Example 9 

0.74 g of 2-(4-hexylphenyl)-5-{4-hexyIphenyl)thia2ole (Example Compound No. 1-9) was prepared in the 
same manner as in Example 8 with the yields of respective steps shown below. 



o o 



^6 



"^^^ CgH, 3-<Q;^fHCH2C^g>^6Hi 3 



(Yield: 38.1 %) 



Lawes son's reagent . — . N-r. > — > 



Phase transition temperature (* C) 



68.8 116.5 120.1 

Cryst. - SmA * N Iso. 

51.4 115.7 119.2 



Example 10 

2-nonyl-5-(4'-hexyIbiphenyM-yl)thia2o!e (Example Compound No. 1-141) was synthesized through the 
following reaction schemes In the same manner as in Example 8 except that carbon disulfide was used as a 
reaction solvent of Friedel-Crafts reaction. 
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C9H19CCI 
O 

HjNCHjCOH CgHi9CNHCH2COH 

I 0 0 



CgH^g 



0 



C9H1 99NHCH2C.(gy<g)-C6Hi 3 



•■^6^1 3 



O O 

Lawesson's reagent N 

s 

Phase transition temperature (* C) 



134.2 166.3 167.3 

Cryst. ^ ^ Sm4 ^ Sm3 ^ Iso, 

132.7 165.0 166.0 



Example 11 

A liquid crystal composition A was prepared by mixing the following compounds in respectively 
indicated proportions. 



98 




C6«13°-<§>{Q)-W7 



^3"7<H>9°^^(3>-CiiH23 



C4H9^CO^g><^Ci ^ H23 



O 



Cl 2H25-<^V^OCH2CHC6Hi 3 



F 

N 



Cl 0H2I -(^X§>-0CH2CHCsHi 3 2 . 50 
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Structural formula wt. parts 



46.14 



C9H1 90-(^P>-C8Hl 7 23.07 



11 .54 



3.56 



3.56 



7.13 



2.50 



The liquid crystal composition A was further mixed with the follomng Example Compound 1-130 
proportions indicated tielow to provide a liquid crystal composition B. 



99 



10 



25 



40 
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Ex,Comp^No. Structural formula wt, parts 



1-130 C^0H21^^)<g>-OCC6H,3 ^ 

O 

Composition A 95 



The liquid crystal composition B showed the following phase transition series. 
15 Phase transition temperature j'C) 

8,7 56.3 65.2 74.9 
Cryst. ^ SmC* — — SmA ^ Ch. ^ Iso, 

20 



SmC: chiral smectic C phase, and 
Ch.: cholesteric phase. 

Example 12 



Two 0.7 mm-thick glass plates were provided and respectively coated with an ITO film to form an 
electrode for voltage application, which was further coated with an insulating layer of vapor-deposited SiOa. 
30 On the insulating layer, a 02 %-solution of silane coupling agent (KBM-602. available from Shinetsu Kagaku 
K.K.) in isopropyl alcohol was applied by spinner coating at a speed of 2000 rpm for 15 second and 
subjected to hot curing treatment at 120 for 20 min. 

Further, each glass plate provided with an ITO film and treated In the above described manner was 
coated with a 1.5 %-solution of polyimide resin precursor (SP-510, available from Toray K.K.) in 
35 dimethylacetoamlde by a spinner coater rotating at 2000 rpm for 15 seconds. Thereafter, the coating film 
was subjected to heat curing at 300 -C for 60 min. to obtain about 250 A-thick film. The coating film was 
rubbed with acetate fiber-planted cloth. The thus treated two glass plates were washed with isopropyl 
alcohol. After alumina beads with an average particle size of 2.0 microns were dispersed on one of the 
glass plates, the two glass plates were applied to each other with a bonding sealing agent (Lixon Bond, 
available from Chisso K.K.) so that their rubbed directions were parallel to each other and heated at 100 -0 
for 60 min. to form a blank cell. The cell gap was found to be about 2 microns as measured by a Berek 
compensator. 

Then, the liquid crystal composition B prepared in Example 11 was heated into an Isotropic liquid, and 
injected into the above prepared cell under vacuum and, after sealing, was gradually cooled at a rate of 20 
45 • C/hour to 25 • C to prepare a fenroelectric liquid crystal device. 

The ferroelectric liquid crystal device was subjected to measurement of the magnitude of spontaneous 
polarization Ps and an optical response time (time from voltage application until the transmittance change 
reaches 90 % of the maximum under the application of a peak-to-peak voltage Vpp of 20 V in combination 
with right-angle cross-nicol polarizers). 
50 The results are shown below. 



55 



Ps (nC/cra^) 





lO^C 


30®C 


45°C 


< psec ) 


564 


243 


143 




3.98 


2.95 


1 .77 



100 
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Further, the device was assembled into a display apparatus shown in Figure 4 to effect display. 
Example 13 

A liquid crystal composition C was prepared by mixing the following compounds in respectively 
indicated proportions. 

structural formula wt. parts 



'9Hi90-<Q><p)-C8Hi7 



I 
O 



C5Hll-<H>-CO^^^C,^H23 
O 



F 

'1 0H2I -<^>^)-0CH2CHCgH, . 



51 .57 



25.79 



8Hl70-(^P)-CioH21 12.89 



23 1-19 



1.19 



2.37 



Ci2H25-<QX§>-^^«2;HC6Hi3 . 2.50 



2.50 



101 
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The liquid crystal composition C was further mixed with the following Example Compound No. 1-55 in 
the proportions indicated below to provide a liquid crystal composition D. 

Ex,Comp>No. Structural formula wt. parts 

5 



70 



75 



1 -55 CgHi 3^g)^ 7 ' 0 

O 

Composition C 90 

The liquid crystal composition D showed the following phase transition series. 
Phase transition temperature ( * C) 

20 10.0 60.7 69.5 75.6 

Cryst. ■ SmC* ^ SmA - Ch, ■ Iso. 



25 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except for 
using the composition D. The ferroelectric liquid crystal device was subjected to measurement of the 
magnitude of spontaneous polarization Ps and response time in the same manner as in Example 12. 
whereby the following results were obtained. 

30 



35 



Ps (nC/cm^) 





10°C 


30°C 


45°C 


(jisec) 


419 


201 


122 




3.06 


2.56 


1 .56 



40 Comparative Example 1 

2-(4-hexylphenyl)-5-(nonanoy!oxyphenyl)-1.3.4-thiadiazole was synthesized through the following reac- 
tion schemes. 



45 



so 



55 



102 



EP 0 439 170 B1 ^j^f 



II ^->^J 
O 0 



NH2NH2 • HjO 



0 



CeHl 3-^CNHNHC-(g)-OCCH3 
0 0 o 



Lawesson ' s reagent . — > N-N , — > 



3. ,. 3 

6 



N-N 



N-N 



0 

The above-prepared compound showed the following phase transition series. 
Phase transition temperature (*C) 



58.2 68.1 172.6 176.1 

Cryst. Sra3 SmC > N ^ Iso. 

44.0 64.8 171.7 175.4 



The liquid crystal composition C was mixed with the above-prepared compound in the proportions 
Indicated below to provide a liquid crystal composition E. 
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30 
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Structural formula wt . parts 



C6H,3.(g^"}<g)-OCC8H,7 10 
Composition C 90 



The liquid crystal E showed the following phase transition series. 
Phase transition temperature (*C) 

10,2 59.8 67.3 77.0 

Cry St. ■ SmC* SmA ^ Ch. ^ Iso, 



A fen-oelectric liquid crystal device was prepared in the same manner as in Example 12 except for 
25 using the composition E. The fen-oelectric liquid crystal device was subjected to measurement of the 
magnitude of spontaneous polarization Ps and response time in the same manner as in Example 12, 
whereby the following results were obtained. 



Ps (nC/cm^) 





10°C 


30°C 


45°C 


( psec ) 


544 


246 


155 




4.80 


3.62 


2.52 



As is apparent from Example 13 and Comparative Example 1, the liquid crystal composition D 
according to the present invention had a smaller response time tiian that of the liquid crystal composition E 
though the liquid crystal composition D had a smaller Ps than that of the liquid crystal composition E. As a 
40 result, we have found that the composition comprising the mesomorphic compound having a thiazole ring of 
the present invention has a lower viscosity and higher response speed than those of the composition 
comprising the mesomorphic compound having a 1 ,3.4-thiadia2ole ring. 

Example 14 

45 

A liquid crystal composition F was prepared by mixing the following compounds in respectively 
indicated proportions. 



so 



55 
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S t r u c t u ra 1 f o rmu 1 a vt .parts 



CiiH23^><§)-OC6Ht3 10 
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CH3 



CaHl 7-^}<©>-°^^«2->T CHC2HC 



CH3 



Ci 0H21 '^''^^'^ 

C3H7-0-CO^(gXp)^^1 1 «23 
0 

o 

^5Hl1-<H>f^]^^11«23 



CH3 

Cl 0H21 0-(g>-CO-^OCH2CHC2H5 
O 



C4H9-(h>-C«20-©KQ)-^6«1 3 
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CH-3 CH«3 

O 0 
CI CHo 

C1 2H25-(PMQ)-0|CH-CHC2H5 



70 



75 



20 



The liquid crystal composition F was further mixed with the following Example Compounds in the 
25 proportions indicated beiow to provide a liquid crystal composition Q. 

Ex>Comp,No, Structural formula wt, parts 



30 



1-18 Cqi 



35 



40 



1-47 



6 



Composition F 92 

50 A fen'oelectric liquid crystal device was prepared in the same manner as in Example 12 except for 
using the composition G. The fenroelectric liquid crystal device was subjected to measurement of response 
time in the same manner as in Example 10, whereby the following results were obtained. 



1-154 



55 



10 25 40 

Response time (pisec) 723 .351 191 
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Comparative Example 2 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
liquid crystal composition F prepared in Example 14 was Injected into a cell. The measured values of the 
5 response time of the device were as follows. 

10 Qq 25 QC 40 QC 

'0 Response time (psec) 784 373 197 



Example 15 

75 

A liquid crystal composition H was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition F prepared in Example 14. 



20 



25 



30 



35 



Ex.Comp>No, Structura l formula vt. parts 



1-79 Cq 



1-97 



CiO«2iC°-(§K"X§>-^6Hi3 

I s 
o 



O 



40 



45 



Composition F 90 

A ferroelectric liquid crystal device was prepared In the same manner as in Example 12 except that the 
above liquid crystal composition H was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown be\ovt. 

IqQc 25^C 40^C 

Response time (psec) 731 357 197 

so 

Example 16 

A liquid crystal composition I was prepared by mixing the following example compounds in the 
55 indicated proportions with the liquid crystal composition F prepared in Example 14. 
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Ex,Comp,No, Structural formula vt, parts 



1-16 



o 



1-91 



O 

Composition F 90 



1-118 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
above liquid crystal composition 1 was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 



lO^C 25^0 40QC 

Response time (psec) 699 334 180 



Example 17 

A liquid crystal composition J was prepared by mixing the following compounds in respectively 
indicated proportions. 



109 



structural formula wt. parts 



-N 

10 



C8Hi7-<^Xg)^OC9Hi, 



ClO«21-<^X§>-°<j^8Hl7 

o 



110 



10 



15 



20 



25 



30 



35 



45 



50 
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Cl 0H2I -(Qy^°<rCn2^ CHOC3H7 



CH3 



Cl 2H25-<g><Q>°<^"2n- CHOCH3 



C5Hl1-<QXOXO>C6«13 



C7Hl5-<p}<gXg>-C6Hl3 
C4H9-0-|O^©K^Ci 2H25 



I 

40 O 



?H3 



CsHi 7-<§>-|0-©K§>-OCH2CHC2H5 
O 

CH, 

O O 
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CeHl 3-<§)-OCH2^gXQ)-^7Hl 5 



The liquid crystal composition J was further mixed with the following Example Compounds In the 
proportions Indicated below to provide a liquid crystal composition K. 

Ex.Comp.No. Structural formula wt. parts 



1-54 



1-126 



1-136 



Compositioa J 90 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except for 
using the composition K. The ferroelectric liquid crystal device was subjected to measurement of response 
time, in the same manner as in Example 10. whereby the following results were obtained. 

10 °C 25 40 

Response time (|isec) 583 288 146 



Comparative Example 3 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
liquid crystal composition J prepared in Example 17 was injected into a cell. The measured values of the 
response time of the device were as follows. 
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10 25 40 

Response time (psec) 653 317 159 



Example 18 

10 A liquid crystal composition L was prepared by mixing the following example compounds In the 
indicated proportions with the liquid crystal composition J prepared in Example 17. 



Ex.Comp^No. Structural formula vt, parts 

N- 



75 

1-58 



O 



20 

1-78 



25 



30 



1-133 



Composition J 90 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
35 above liquid crystal composition L was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 



lO^C 25^C 40^C 

40 

Response time (psec) 601 296 151 



45 Example 19 

A liquid crystal composition M was prepared by mixing the following example compounds In the 
indicated proportions with the liquid crystal composition J prepared in Example 17. 

50 



55 
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Ex.Comp^No« 



Structxiral formula vt. parts 

CH3 



1 -69 CgH, 7-<gK'^<0^^^^^«2-hCHOC3H7 ^ 



10 



15 



20 



1-169 C 



1-19 



C8Hl7-<Q><>©^^8Hl7 



25 



Composition J 92 

A ferroelectric liquid crystal device was prepared in the same manner as In Example 12 except that the 
above liquid crystal composition M was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

30 lo2c 25QC 4oQc 

299 158 



Response time (psec) 605 



35 

Example 20 



A liquid crystal composition N was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition J prepared In Example 17. 

40 



45 



50 



55 
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Ex.Corop,No. Structural formula wt, parts 



1-156 



1-64 



1-187 



I 
0 



C8«17^©K^XQ)-°flO«21 

0 



o 



Composition J 92 

A ferroelectric liquid crystal device was prepared In the same manner as In Example 12 except that the 
above liquid crystal composition N was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

1 O^C 25^C 40^C 

Response time (psec) 590 291 150 



Example 21 

A liquid crystal composition O was prepared by mixing the following compounds in respectively 
indicated proportions. 
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Structural formula wt » parts 



C9H1 9-(^X§>-°^9»1 9 
CioH21-<^><§>-OC8Hi7 



CflHi 7-^K§^0<CH2-t5- CHC2H5 



CH3 



CioH21-(§K§>-C6Ht3 



14 
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C5«l 1 2«25 



Cl 0«21 O^0>-f ^O^OCqH, 7 



CH, 

O 



C3H7-{h)-^^20-(Q>{^C8Hi 7 

Cl 0H2I -<§K§;^OCH2^(Q^C7Hi 5 

F 

^1 2«25-<^X0^OCH2CHC5Ht , 



1 H(H)-CO-^OCH2CHCgHi 3 



117 
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?«3 



^1 2H25°-<§><^f °^^«2^ CHC2H5 



N 

70 MZ^Vz-N 



CH3 



Cl 2«250-©K^O-^C«2^ CHOC3H7 



The liquid crystal composition 0 was further mixed with the following Example Compounds in the 
proportions indicated below to provide a liquid crystal composition P. 

IS 

Ex,Comp>No> Structural formula wt, parts 



25 



30 



1 -1 49 CgHi 3-^"yg^OC^(T;hC8Hi 7 



1-151 



^9«19^^y§>{Ql^''l0"21 . ' 

Composition O 92 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except for 
using the composition P. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as m Example 12. 
whereby the following results were obtained. 

45 

10 og 25 40 

Response time (psec) 637 328 181 



35 



40 



SO 



Comparative Example 4 

55 A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
liquid crystal composition O prepared in Example 21 was injected into a cell. The measured values of the 
response time of the device were as follows. 
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/ 

10 Qc 25 40 

Response time (yisec) 668 340 182 



Example 22 

to A liquid crystal composition Q was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition D prepared in Example 21. 

Ex,Comp,No> Structural formula wt, parts 



75 



20 



25 



30 



35 



F 

1-138 CtoH2ih(^><Q>-OCCHC8Hi7 



1-142 



^io«2iX3<Q><Q>-T^^ 



C^»13O^QK"y'''«0"21 ' ' 3 

Composition 0 93 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
above liquid crystal composition Q was used, and the device was subjected to measurement of optical 
response time and observation of switching states. In the device, a monodomain with a good and uniform 
40 alignment characteristic was observed. The results of the measurement are shown below. 

IQQc 25QC 40^0 

45 Response time (}isec) 622 323 175 

As is apparent from the results shown in the above Examples 14-22, the ferroelectric liquid crystal 
devices containing the liquid crystal compositions G to I. K to N, P and Q showed an improved low- 
so temperature operation characteristic, a high-speed responsiveness, and a decreased temperature depen- 
dence of the response speed. 

Example 23 

55 A blank cell was prepared in the same manner as in Example 16 by using a 2 % aqueous solution of 
polyvinyl alcohol resin (PVA-117, available from Kuraray K.K.) instead of the 1.5 %-solution of polyimide 
resin precursor in dimethylacetoamide on each electrode plate. A fenoelectric liquid crystal device was 
prepared by filling the blank cell with the liquid crystal composition I prepared in Example 16. The liquid 
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crystal device was subjected to measurement of optical response time in the same manner as in Example 
12. The results are shown below. 

lO^C 2S^C 40QC 
Response time (psec) 667 318 171 

Example 24 



A blank cell was prepared in the same manner as in Example 16 except for omitting the Si02 layer to 
form an alignment control layer composed of the polyimlde resin layer alone on each electrode plate. A 
75 ferroelectric liquid crystal device was prepared by filling the blank cell with the liquid crystal composition I 
prepared in Example 16. The liquid crystal device was subjected to measurement of optical response time 
in the same manner as in Example 12. The results are shown below. 

20 ^0^C 25^C 40^0 

Response time (psec) 660 321 173 

25 As Is apparent from the above Examples 23 and 24. also in the cases of different device structures, the 
devices containing the ferroelectric liquid crystal composition I according to the present invention respec- 
tively provided a remarkably improved operation characteristic at a lower temperature and also a decreased 
temperature-dependence of the response speed similar to those in Example 16. 

30 Example 25 

2-(4-hexylphenyl)-5-(4-hexanoyloxyphenyl)thlazole (Example Compound No. 1-196) was synthesized 
through the following reaction scheme. 

35 



In a 200 ml-round-bottomed flask. 2.00 g (5.93 mM) of 2-(4-hexylphenyl)-5-(4-hydroxypheny!)thia2ole, 
0,76 g (6.54 mM) of hexanoic acid and 40 ml of dichloromethane were placed and mixed. To the solution, 

50 1.24 g (6.01 mM) of N,N'-dicyclohexylcarbodiimide and 0.10 g of 4-pyn'olidinopyridine were successively 
added under stinging at room temperature, followed by further stirring for 7 hours at room temperature to 
precipitate N.N'-dicyclohexylurea. The resultant N,N'-dicyclohexylurea was filtered off and the solvent of the 
filtrate was distilled-off under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy (eluent: toluene/ethyl acetate = 1 00/1 ) and recrystallized from a mixture solvent of toluene-methanol 

55 to obtain 1 .81 g of 2-(4-hexylphenyl)-5-(4-hexanoyloxyphenyl)thiazole (Yield: 70.1 %). 
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Phase transition temperature (*C) 




88,5 135,5 152.2 

Cryst. SmC ^ N ^ Iso. 

84 134.8 151 ,5 



10 Example 26 

2-(4-hexylphenyl)-5-[4-{4-methylpentanoyioxy)phenyl]thia2ole (Example Compound No. 1-197) was pre- 
pared in tlie same manner as in Example 25 (Yield: 82.1 %). 

I ' 

/ — V J — . CHoCHCH^CH^COOH 



20 



CH3 



25 d 



Phase transition temperature (*C) 

30 

109.4 130.4 133.4 

Cryst. SmC •< ^ N ■ Iso. 

102.2 128.7 132.1 

35 



Example 27 

40 2-{4-butylphenyl)-5-(4-heptanoyloxypheny!)thia2ole (Example Comppund No. 1-48) was prepared in the 
same manner as in Example 25 by using 2-(4-butylphenyl)-5-(4-hydroxyphenyl)thia20le prepared in the 
same manner as In Example 1 (Yield: 85.7 %). 



45 

50 



0 



55 
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Phase transition temperature ( * C) 

70.9 75.6 129.5 148.3 

Cryst.-^ Sm3 ^ SraC N 

20.5 72.4 128.7 147.5 



ISO. 



10 Example 28 

2-(4-butylphenyl)-5-(4-pentanoyloxyphenyl)thia20le (Example Compound No. 1-198) was prepared In the 
same manner as in Example 27 (Yield: 76.2 %). 

15 

C^HgCOOH 



20 J V N 

s 

25 

Phase transition temperature CC) 



30 100.9 117.8 150.7 

Cry St. ^ SmC ^ N ^ Iso. 

97.6 117.0 150.0 



35 

Example 29 

2-(4-hexylphenyl)-5-(3-fluoro-4-heptanoyloxyphenyl)thiazole (Example Compound No. 1-192) was syn- 
thesized through the following reactions schemes in the same manner as In Example 1 with the yields of 
AO respective steps shown below. 



45 



50 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



F 




^ (Yield: 89.1 %) ^ 

0 



BrCH2CH(;^OCH3 
O 



N3CgHigNCH2C-(^ov.n3 



F 

OCH- 



I 

o 



HCl. H2NCH2C-('O>-0CH3 



r 



J (Yield: 33.7 %) 

O 

F 

Hi7-<PSV<3'HCH,C-/fS>-OCH-, 

P 

C6«13^>I>^<^C«3 



^6 



(Yield: 75.3 %> 



P 

C6Hl3^gH")<^OH 



S/ (Yield: 57.0 %) 



F 

C6Hl3-^0H^)^°f6"l3 

O 
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Phase transition temperature CO 

51 1 119 121.2 128.8 

Cryst.— SmC — SmA N — - Iso. 

44.5 119 120.7 128 



JO Example 30 

2-decyl-5-{3-fluoro-4-heptanoyloxyphenyl)thiazole (Example Compound No. 1-200) was synthesized 
through the following reaction schemes in the same manner as in Example 6 by using 3-fluoro^ 
methoxyphenacylamlne hydrochloride prepared in Example 29 with the yields of respective steps shown 
T5 below. 



20 HC1-H2NCH2 



25 



35 



40 



45 



50 



55 



r 

o o 



30 F 



^10H21^3^°^«3 



^10H21^^"XOW6Hl3 




i 



C10H21COCI 



I V=y (Yield: 49.6 %) 

O 



^]\^ ^ (Yield: 73.8 %) 



^10H21^,XQ^°« (^ield: 40.0 %) 
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Phase transition temperature (* C) 

49.6 

Cryst. — — — — ~ ISO, 



22. eN^ J 35.9 

Sm4 Sm3 

30.1 



70 



Exannple 31 

J5 2-(4-hexy)phenyl)-5-(3-fluoro-4-hexyloxyphenyl)thia2ole (Example Compound No. 1-199) was synthe- 
sized through the following reaction scheme. 



20 



25 



F 

<^6Hl3<OX„KOW 




^ CgHi3l 



F 



In a 30 ml-round-bottomed flask, 1.07 g (3.01 mM) of 2-(4-hexylphenyl)-5-(3-fluoro-4-hydroxyphenyl)- 
thiazoie prepared In Example 29« 0.23 g (3.48 mM) of potassium hydroxide and 5 ml of butanol were placed 

00 and heated. To the solution, 0.74 g (3.49 mM) of hexyl iodide was gradually added under heat-stlmng. 
followed by heat-stlrrlng for 5 hours about 90 • C. After the reaction, the solvent was removed from the 
reaction mixture and water was added to the resultant residue to precipitate a crystal. The crystal was 
recovered by filtration and washed with water. The resultant crystal was purified by silica gel column 
chromatography (eluent: toluene) and recrystallized from a mixture solvent of toluene-methanol to obtain 

35 0.90 g of 2-(4-hexy)phenyl)-5-(3-fluoro-4-hexyloxyph9nyl)thiazole (Yield: 68.0 %). 

Phase transition temperature (*C) 

23 54,2 95.5 

^ Cryst. - Sm4 Sm3 SmC 

1 4.3 48.3 80.9 



^ 116 124.4 129.7 

■ SmA - N ■ ISO 



116 124.5 129.6 



50 



55 



Example 32 



2-(4-butylphenyl)-5-(4-nonanoyloxyphenyl)thia2oIe (Example Compound No. 1-49) was prepared in the 
same manner as in Example 27 (Yield: 57.5 %). 
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N ^ . — CqH., 7COOH 



s 

N 



70 

Phase transition temperature (*C) 

75,5 136.7 140.4 147.2 

Cry St. ^ SinC ^ ^ SmA N Iso- 

V y 136.5 139.7 146.4 

49.4 \ /73.2 

Sm4 Sm3 

55.7 

20 



Example 33 

25 2-(4-hexylphenyl)-5-(2-fluoro-4-heptanoyloxyphenyl)thia2ole (Example Compound No. 1-217) was pre- 
pared in the same manner as in Example 25 by using 2-{4-hexylphenyl)-5-(2-fluoro-4-hydroxyphenyl)- 
thiazole prepared from m-tluoroanisole in the same manner as in Example 29 (Yield: 63.3 %). 

N-^^W C6H13COOH 



o 



AO 

Phase transition temperature ( * C) 



60.6 76.8 

^ Cryst. - N ^ Iso, 

19.4 75.7 



50 Example 34 

2-(4-hexylphenyl)-5-(2-fluoro-4-hexyloxyphenyl)thiazole (Example Compound No. 1-220) was prepared 
in the same manner as in Example 31 by using 2-(4-hexylphenyl)-5-(2-fluoro-4-hydroxyphenyl)thla2ole 
prepared in Example 33 (Yield: 79.6 %). 
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C6Hl3-<OHs><0>°^6^13 



10 



Phase transition temperature ( • C) 



75 



65.8 126.7 

Cry St. N Iso. 

34.8 125.8 
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Examples 35 - 40 

Six species of mesomorphic compounds shown in Table 1 were prepared in the same manner as in 
Example 8. The results are shown in Table 1 below. 
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55 Example 41 

2-hexyl-5-(6-undecanoyIoxy-2-naphthyl)thiazol9 (Example Compound No, 1-222) was synthesized 
through the following reaction schemes In the same manner as in Example 25 by using 2-hexyl-5-(6- 
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hydroxy-2-naphthyl)thiazole prepared from 2-acetyl-6-methoxynaphthalene synthesized through a process 
showr) in "Org.. Syn. Coll.", vol. 6 34. 




CCH- 



[CgH5N(CH3)3l*Br3' 



10 



IS 



20 



CH-j-ZP)^ — V Hexamethylenetetramine 
\0) CCHjBr i<^6^^2^A^ 

O 



O) 



Br" 

+ HCl 
-CCHjNCgHi 2N3 



I 

0 



25 



CH30-(O> 



OV- CCH,NH->'HC1 

.W^l 2 2 

O 



C6H13COCI 



30 



CfiHi ,CNHCH,C-/0V-\ Lawesson's reagent 

o o ^—^ 



35 



HBr 



40 



C,oH2,COOK 



45 



50 



N-^ / — \ 
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Phase transition temperature ('Q 

92.2 113.5 

Cry St. ^ SmA " Iso, 

74.7 112.1 



Example 42 

10 

2-hexyl-5-(6-decyloxy-2-naphthyl)thlazole (Example Compound No. 1-223) was prepared In the same 
manner as in Example 31 by using 2-hexyl-5-(6-hydroxy-2-naphthyi)thtazole prepared in Example 41 (Yield: 
52.9 %). 



15 



20 



25 




^10^21^ 



Phase transition temperature ( * C) 

30 



105.4 108.0 

Cryst. ^ SmA ■ Iso. 

88.8 106.5 



35 



Example 43 

2-(4-heptanoyloxyphenyl)-5-(4-hexylphenyl)thiazole (Example Compound No. 1-95) was synthesized 
40 through the following steps i) - iv). 
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Step i) 

(C4H9)4N*Br3- 



C6«13-<§;^f«3 



I ^ (Yield: 66.1 %) 

O 



'0 Hexamethylenetetramine 

/-^ (C6H12N4) 
6 13A^| 2 (Yield: 55.3 %) 



15 



— CgHi 3-(g>-CCH2NH2 • HCl 



I 

20 O 



4-hexylphenacrylamine hydrochloride was synthesized through the above reaction scheme in the same 
25 manner as in Example 1. 



Step ii) 



30 



35 



40 



45 



50 



CH3CO-(g)hC0H ^ CH3C0^|C1 

0 0 0 0 



o o o 



0CCH3 



In a 200 ml-reaction vessel. 21.4 g (1.18x10-^ M) of p-acetoxybenzolc acid and 80 ml of dry benzene 
were placed. To the mixture. 25.0 g (1.20x10-^ M) of phosphorus pentachloride was added in 10 minutes at 
room temperature, followed by stirring for 3 hours at 50 -C. After cooling, the solvent of the reaction 
mixture was distilled off to provide oily p-acetoxybenzoyi chloride. 

Then, in a 300 ml-reaction vessel. 30 g (1.17x10-^ mol) of 4-hexylphenacylamine hydrochloride and 
200 ml of dry pyridine were placed. To the mixture, a solution of the above-prepared p-acetoxybenzoyI 
chloride in 20 ml of dry benzene was added dropwise in 50 minutes below 0 "C, followed by stining for 5 
hours while gradually cooling to room temperature. After the reaction, the reaction mixture was poured into 
ice water to precipitate a crystal. The crystal was recovered by filtration, dried and purified by silica gel 
column chromatography (eluent: n-hexane/ethyl acetate = 2/1) to obtain 21.5 g of 4'-acetoxybenzoyl-4- 
hexylphenacylamine (Yield: 48.2 %). 
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Step iii) 



0 o o 



Lawesson's reagent 



o 



1 ) KOH 



15 2) HCl ^ 



In a 200 ml-reaction vessel. 20.0 g (5.25x1 0"^ M) of 4'-acetoxyben2oyl-4-hexyIphenacylamine. 21.2 g 
20 (5.25x1 0""2 M) of Lawesson's reagent and 100 ml of toluene were placed, followed by heat-refluxing for 3 
hours. After cooling, the reaction nnixture was subjected to distilling-off of the solvent to provide a residue. 
The residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 6/1) to 
obtain 16.5 g of 2-(4-acetoxyphenyl)-5-(4-hexylphenyl)thia2ole (Yield: 82.9 %). 

Then, in a 500 ml-reaction vessel, 16.5 g (4.35x10-2 M) of 2-(4-acetoxyphenyl)-5-(4-hexylphenyl)- 
26 thiazole and 250 mi of 0.5N-soiution of potassium hydroxide in ethanol, followed by stirring for 3 hours at 60 
'C, After cooling, the reaction mixture was poured into 600 ml of ice water and acidified with 6N- 
hydrochloric acid to precipitate a crystal. The crystal was recovered by filtration, washed with water and 
dissolved In ethanol. followed by treatment with activated carbon. The activated carbon was removed from 
the above mixture by filtration and the filtrate was condensed, followed by drying to provide a residue. The 
30 residue was recrystallized from ethanol to obtain 12.8 g of 2-(4-hydroxyphenyI)-5-(4-hexylphenyl)thiazo!e 
(Yield: 87.3 %). 

Step iv) 



=6 



CgH-| 3COOH 




C6Hl3<OXsKQ>-Y6«13 

O 



2-(4-heptanoyloxyphenyl)-5-(4-hexylphenyl)thiazole was prepared from 2-(4-hydroxyphenyl)-5-(4-hexyl- 
phenyl)thiazole in the same manner as in Example 25 (Yield: 45.1 %). 
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Phase transition temperature CO 



93.2 129.8 146.8 

Cryst. SmC N Iso, 

87.8 129.0 146.0 



70 Example 44 

2-{4-hexyloxyphenyl)-5-(4-hexylphenyl)thiazole (Example Compound No. 1-78) was prepared In the 
same manner as in Example 31 by using 2-(4-hydroxyphenyI)-5-{4-hexylphenyl)thia20le prepared In 
Example 43 (Yield: 80.0 %). 

15 



CjHijBr 



20 



25 

Phase transition temperature ( * C) 



75.1 147.3 

30 Cryst. ^ N ^ Iso, 

62.1 146.2 



35 Example 45 

2-(2-fluoro-4-heptanoyloxyphenyI)-5-(4-hBxylphenyl)thia20le (Example Compound No. 1-225) was syn- 
thesized through the following steps I) - iii). 

40 Step i) 



45 



so 




O O 



55 

In a 100 mhreaction vessel, 12.1 g (1.83x10"^ M) of potassium hydroxide and 50 ml of water were 
placed, followed by cooling to 0 •C. To the mixture. 12.0 g (7.69x10-2 M) of 2-fluoro-4-hydroxybenzoic acid 
was added and dissolved therein. To the solution. 7.9 g (7.74x10-2 M) of acetic anhydride was added 
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dropwise in 30 minutes at 0 'C. followed by stirring for 2 hours. After stirring, the reaction mixture was 
acidified with 6N-hydrochloric acid to precipitate a crystal. The crystal was recovered by filtration, followed 
by washing with water and drying to obtain 9.5 g of 2-fluoro-4-acetoxybenzoic acid (Yield: 62.4 %). 

Then, in a 100 ml-reaction vessel, 9.5 g (4.80x1 0"2 m) of 2-fluoro-4-acetoxyben2oic acid and 50 ml of 
dry benzene were placed. To the mixture, 10.3 g (4.94x1 0"^ M) of phosphorus pentachloride was added in 
30 minutes at room temperature, followed by stimng for 4 hours at 50 • C. After cooling, the solvent of the 
reaction mixture was distilled off to provide oily 2-fluoro-4-acetoxy-benzoyl chloride. 

Step ii) 



C6Hl3-©-CCH2NH2.HCl 




In a 200 ml-reaction vessel, 12.3 g (4.81x10-2 moi) of 4-hexylphenacylamlne hydrochloride prepared in 
Example 43 and 95 ml of dry pyridine were placed. To the mixture, a solution of the akwve-prepared 2- 
fluoro-4-acetoxybenzoyl chloride In 20 ml of dry benzene was added dropwise in 60 minutes below 0 • C, 
followed by stirring for 15 hours while gradually cooling to room temperature. After the reaction, the reaction 
mixture was poured into ice water to precipitate a crystal. The crystal was recovered by filtration, dried and 
purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 2/1) to obtain 9.3 g of 2'- 
1luoro-4'-acetoxyben2oyl-4-hexylphenacylamlnB (Yield: 48.7 %). 

Then, in a 100 ml-reaction vessel. 9.20 g (2.31x10*2 M) of 2'-fluoro-4*-acetoxyben20yl-4- 
hexylphenacylamine, 9.32 g (2.31 xlO-"^ m) of Lawesson's reagent and 50 ml of toluene were placed, 
followed by heat-refluxing for 1 hours. After cooling, the reaction mixture was subjected to distilling-off of 
the solvent to provide a residue. The residue was purified by silica gel column chromatography (eluent: n- 
hexane/ethyl acetate « 6/1) to obtain 8.39 g of 2-(2-fluoro-4-acetoxyphenyl)-5-(4-hexy!phenyl)thiazole (Yield: 
91.3%). 

Then, in a 200 ml-reaction vessel, 8.2 g (2.07x10-^ m) of 2-(4-acetoxyphenyl)-5-(4-hexylphenyl)thiazole 
and 130 ml of 0.5N-so!ution of potassium hydroxide in ethanol, followed by stirring for 3 hours at 60 'C. 
After cooling, the reaction mixture was poured into 300 ml of ice water and acidified with 6N-hydrochloric 
acid to precipitate a crystal. The crystal was recovered by filtration, washed with water and dissolved in 
ethanol. followed by treatment with activated carbon. The activated carbon was removed from the above 
mixture by filtration and the filtrate was condensed, followed by drying to provide a residue. The residue 
was recrystallized from ethanol to obtain 6.5 g of 2-(2-fluoro-4-hydroxyphenyl)-5-(4-hexylphenyl)thia20le 
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(Yield: 88.4 %). 
Step iii) 

5 

TO 



F 



6 

75 

2-(2-fluoro^heptanoyloxyphenyl)-5.(4-hexylphenyl)thia20le was prepared in the same manner as in 
Example 25 (Yieid: 78.7 %). 

20 

Phase transition temperature CC) 

70.2 134.1 

Cryst. ^ N Iso. 

25 / 133.4 

55.7 \ / 70.5 
SmA 

30 

Example 46 

2-(2-fluoro-4-hexyloxyphenyl)-5-(4-hexylphenyl)thlazole (Example Compound No. 1-227) was prepared 
in the same manner as in Example 31 by using 2-(2-fluoro-4.hydroxyphenyl)-5-(4-hexylphenyl)thiazole 
35 prepared in Example 45 (Yield: 38.2 %). 

F 

45 



SO 
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Phase transition temperature ( * C) 



73,5 138.4 
Cryst. - N ■ Iso. 
25.5 137.1 



10 Example 47 

2-(6-hexyloxy-2-naphthyl)-5-{4-hexylphenyl)thiazole (Example Compound No. 1-229) was synthesized 
through the following steps i) - iii). 

75 Step i) 



20 




(CH3CO)20 



25 



CH3CO 




PClc 



CH3CO 




30 



35 



40 



In a 100 ml-reaction vessel, 16.7 g (2.53x10"^ M) of potassium hydroxide and 85 ml of water were 
placed, followed by cooling to 0 'C. To the mixture, 20.0 g (1.06x10"' M) of 6-hydroxy-2-naphthoic acid 
was added and dissolved therein. To the solution, 10.9 g (1.07x10"' M) of acetic anhydride was added 
dropwise In 40 minutes at 0 'C, followed by stirring for 2 hours. After stirring, the reaction mixture was 
acidified with 6N-hydrochloric acid to precipitate a crystal. The crystal was recovered by filtration, followed 
by washing with water and drying to obtain 18,3 g of 6-acetoxy-2-naphthoic acid (Yield: 74.4 %). 

Then, in a 200 ml-reaction vessel, 17.1 g (7.43x10~2 M) of 6-acetoxy-2-naphtholc acid and 85 ml of dry 
benzene were placed. To the mixture. 15.9 g (6.91 xlO"^ m) of phosphorus pentachloride was added in 30 
minutes at room temperature, followed by stirring for 4 hours at 60 'C. After cooling, the solvent of the 
reaction mixture was distilled off to provide oily 6-acetoxy-2-naphthoyl chloride. 
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CH:»C0-/O/.^x 



O 



CCl 

II 

o 



70 



75 



Lawesson's reagent 



OCCH- 



O o 



20 



25 



30 




1 ) KOH 



2) HCl 



35 



40 



45 



SO 



In a 300 ml-reaction vessel. 19.0 g (7.44x10-2 n,oI) of 4-hexylphenacylamine hydrochloride prepared in 
Example 43 and 95 ml of dry pyridine were placed. To the mixture, a solution of the above-prepared 6- 
acetoxy-2-naphthoyl chloride in 50 ml of dry benzene was added dropwise In 35 minutes below 0 •C. 
followed by stirring for 17 hours while gradually cooling to room temperature. After the reaction, the reaction 
mixture was poured into ice water, followed by extraction with chloroform. The organic layer was washed 
with water and dried with anhydrous sodium sulfate, followed by distilling-off of the solvent. The residue was 
purified by silica gel column chromatography (eluent chloroform/ethyl acetate = 25/1) to obtain 14.0 g of 
6*-acetoxy-2'-naphthoyI-4-hexylphenacylamine (Yield: 43.7 %). 

Then, in a 200 ml-reaction vessel. 13.7 g (3.18x10-2 M) of 6'-acetoxy-2'-naphthoyl-4-hexyI- 
phenacylamine, 12.9 g (3.18x10-2 M) of Uwesson's reagent and 75 ml of toluene were placed, followed by 
heat-refluxing for 2 hours. After cooling, the reaction mixture was subjected to distilling-off of the solvent to 
provide a residue. The residue was purified by silica gel column chromatography (eluent: chloroform) to 
obtain 10.4 g of 2-(6-acetoxy-2-naphthy1)-5-(4-hexylphenyl)thia20le (Yield: 76.1 %). 

Then, in a 300 ml-reaction vessel. 10.4 g (2,42x10-2 m) of 2-(6-acetoxy-2-naphthyl)-5-(4-hexylphenyl)- 
thiazole and 170 ml of 0.5N-soIution of potassium hydroxide in ethanol. followed by stirring for 0.5 hour at - 
60 'C. After cooling, the reaction mixture was poured into 400 ml of ice water and acidified with 6N- 
hydrochlorlc acid to precipitate a crystal. The crystal was recovered by filtration, washed with water and 
dissolved in ethanol, followed by treatment with activated carbon. The activated carbon was removed from 
the above mixture by filtration and the filtrate was condensed, followed by drying to provide a residue. The 
residue was recrystallized from ethanol to obtain 7.73 g of 2-(6-hydroxy-2-naphthyl)-5-(4-hexylphenyl)- 
thiazole (Yield: 82.6 %). 
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Step Hi) 



10 



s/ WO) OCgH 



13 



7S 



2-(6-hexyloxy-2-naphthyl)-5-(4-hexylphenyl)thiazole was prepared in the same manner as in Example 31 
(Yield: 51.0 %). 

20 Phase transition temperature ( * C) 

103.8 152.5 194 
Cryst. SmC N " Iso. 



25 



80. 5\ / 97.3 
Sm3 



152.4 193.5 



30 Example 48 

2«(6-decyloxy-2-naphthyl)-5-(4-hexylphenyl)thlazole (Example Compound No. 1-231) was prepared In 
the same manner as in Example 47 (Yield: 53.0 %). 
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Phase transition temperature (*C) 



82.7 153.0 169.3 181 .2 

Cryst. ^SmC SmA N Iso. 

X / 149.0 168.8 180.5 

59.3 \ / 78.5 

Sm3 



Example 49 

2-(6-decyloxy-2-naphthyl)-5-hexylthiazole (Example Compound No. 1-237) was synthesized through the 
tollowing steps i) and ii). 

Step i) 



DBU^ (CgH^ 300)20 
CH2COOC2H5 



NC 



COOC2H5 



^6 



/.N HCl 



CgH-, 3CCH2NH2-HC1 
O 



2-oxooctylamine hydrochloride was prepared in the following manner according to a method shown in 
"J. Org. Chem.". 38. 3571-3575 (1973). 

in a 100 ml-three-necked flask. 2.26 g (20,0 mWi) of ethylisocyanoacetate and 27 ml of tetrahydrofuran 
were placed. To the mixture. 2.99 ml (20.0 mM) of 1,8-diazobicyclo[5,4.01-7-undecene (DBU) was added on 
40 an ice water bath under stirring. To the mixture, a solution of 4.84 g (20.0 mM) of heptanoic anhydride in 7 
mi of tetrahydrofuran was added dropwise on the ice water bath under stinging, followed by stirring for 4.5 
hours at room temperature. The reaction mixture was further left standing for 2 days at room temperature. 
The resultant reaction mixture was poured into water, followed by extraction with ethyl acetate. The organic 
layer was dried with anhydrous sodium sulfate and further dried under reduced pressure. The residue was 
45 purified by silica gel column chromatography (eluent: toluene/ethyl acetate = 100/1) to provide 4.28 g of 
ethyl 5-hexyloxazole-4-carboxylate (Yield: 95.1 %). Then, 2.10 g (9.32 mM) of ethyl 5-hexyloxazole-4- 
carboxylate and 28.4 ml of 6N-hydrochloric acid were placed in a 100 ml-round-bottomed flasks followed by 
heat-refluxing for 5 hours under stirring. After the reaction, the reaction mixture was washed two times with 
ethyl acetate. The water layer was dried under reduced pressure. The residue was recrystallized from a 
50 mixture solvent of methanoHsopropyl ether to obtain 0.67 g of 2-oxooctylamine hydrochloride (Yield: 40.0 
%). 
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Step ii) 



10 



C6«13|C«2N«2-HC1 
O 



75 



CgH< oCCHjNHcYQV- y Lawesson's reagent 

I IMQ/-OC10H21 
o o 



20 



In a 50 m!-three-necked flask, 0.20 g (1.11 mM) of 2-oxooctylamine hydrochloride, 0.46 g (1.33 mM) of 
25 6-decyloxy-2-naphthoyl chloride and 5 ml of dioxane were placed. To the mixture, 1.6 ml of pyridine was 
added at about 85 under heat-stirring, followed by heat-stinging for 30 minutes at 92 - 94 •C. After the 
reaction, the reaction mixture was poured into water to precipitate a crystal. The crystal was recovered by 
filtration and washed with water, followed by recrystallization from a mixture solvent of acetone-methanol to 
provide 0.41 g of 2-axooctyl-(6-decyIoxy-2-naphthoyl)amine (Yield: 81.2 %). 
30 Then, 0.40 g (0.88 mM) of 2-oxoocty!-(6-decyloxy-2-naphthoyl)amine, 0.38 g (0.94 mM) of Lawesson's 
reagent and 6 ml of tetrahydrofuran were placed in a 30 ml-round-bottomed flask, followed by heat-refluxing 
for 45 minutes under stirring. After the reaction, the reaction mixture was poured into a solution of 0.27 g of 
sodium hydroxide In 70 ml of ice water to precipitate a crystal. The crystal was recovered by filtration 
washed with water and dissolved in toluene, followed by drying with anhydrous sodium sulfate and distilling- 
35 off of the solvent under reduced pressure. The residue was purified by silica gel column chromatography 
(eluent: toluene/hexane = 1/1) and recrystallized from a mixture solvent of acetone-methanol to obtain 0.21 
g of 2-(6-decyloxy-2-naphthyI)-5-hexylthlazoie (Yield: 52.7 %). 

Phase transition temperature (*C) 

40 

78.1 

Cry St. ISO. 

51. 7\ y 77.8 
^ SmA 



Example 50 

2-(4-nanonoyIoxyphenyI)-5-octyIthia2ole (Example Compound No. 1-235) was synthesized through the 
following reaction schemes in the same manner as in Example 43 by using 2-Qxodecylamine hydrochloride 
prepared in the same manner as In Example 49. 
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CqH-|7CCH2NH2- HCl 



C1C^0CCH3 

o o 

{Yield: 76.6 %) 



C8Hi7CCH2NHC-(g)-OCCH3 



0 o 



Lawesson's reagent 
(Yield: 81 .3 %) 



N 



(Yield: 96.4 %) 



CqH^^COOH 
(Yield: 67.4 %) 



C8Hl7^><0^Of8«17 



Phase transition temperature CC) 



Cryst. 
35.7 



60.7 



Sm3 



ISO. 

51 .9 



Exarrtple 51 

2'(4-hexylpheny!)-5-(trans-4-propylcyclohexyl)thia2ole (Example Compound NO. 1-238) was synthesized 
through the following reaction schemes. 
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C3H7-/HycCH2NH2 -HCl 



C6«13-<^C0C1 



V-/ 11 ^ ' {Yield; 79.3 %) 

O 

. — . . — . Lawesson's reagent 

,0 3 ^\_r^ 2 11 \^ 6 IJ (Yield: 30.9 %) 

O O 



IS 



C3H7-(hX"c: ^©^^6«13 



2-(tran5-4-propylcyclohexyl)-2-oxoethyIamlne hydrochloride was prepared in the same manner as in 
20 Example 49 by using trans-4-propylcyclohexanecarboxylic anhydride prepared from trans-4-propylcyclohex- 
anecarboxylic acid prepared In the same manner as in a method shown in "Org. Syn. Coli.", vol. 3, 28. 

Then, 2-(4-hexylphenyl)-5-(trans-4-propyIcyclohexy!)thiazole was prepared from 2-(trans-4-propyl- 
cyclohexyl)-2-oxoethylamine according to the above reaction schemes. 

25 Phase transition temperature ( * C) 

28.2 97.4 120.5 

Cryst. " SmA N " Iso.. 

0,5 96.4 119.4 

30 



Example 52 

35 2-(4-octyloxyphenyI)-5-(trans-4-propylcyclohexyl)thla20le (Example Compound No. 1-240) was prepared 
in the same manner as in Example 51. 



C8H,70.<g>-COCl 

C,H7-< H VcCHoNH, • HCl ±=1 » 

3 j| ^ ^ (Yield: 84.6 %) 

0 



45 



50 



55 



. — . Lawesson's reagent 

3 '^^y I ^ i (Yield: 65.7 %) 

O 0 



'^•3H7-{hX"><§)-^8Hi7 
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Phase transition temperature ( * C) 



66.2 141 

Cryst. N ISO. 

45 140.3 



Example 53 

10 

A liquid crystal composition S was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition F prepared in Example 14. 



15 



20 



25 



30 



Ex > Comp . No . 



1-12 



Structural formula wt, parts 



F. 

1 -21 9 CqHi 7^0>|"XQi>-°?^9'*1 9 




1-236 Ci 



-10H2l|O-(QHs/''8«17 



35 



40 



o 

Composition F 93 

A ferroelectric liquid crystal device was prepared In the same manner as in Example 12 except that the 
above liquid crystal composition S was used, and the device was subjected to measurement of optica! 
response time. The results of the measurement are shown below. 

^ IQOC 25^0 40^0 

Response time (iisec) 730 355 192 

50 

Example 54 

A liquid crystal composition T was prepared by mixing the following example compounds in the 
55 indicated proportions with the liquid crystal composition F prepared in Example 14. 
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Ex,Comp.No, Structural formula wt, parts 

N 



1-210 



10 



1-231 




1 -247 



20 



25 



Composition F 92 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 2 except that the 
above liquid crystal composition T was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

30 

lO^C 25^0 40^C 

Response time (usee) 712 343 188 

35 



Example 55 

40 A liquid crystal composition U was prepared by mixing the following example compounds in the 
Indicated proportions with the liquid crystal composition O prepared in Example 21 . 



45 



50 



55 
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Ex>Comp>No. Structural formula wt> parts 

F 

1 -227 CgHi S^'^^y^^'^e^^ 3 2 



10 



IS 



20 



1-237 ^^o^2^HOy^ 




n 



6°13 



1-239 



Composition O 93 

25 A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
above liquid crystal composition U was used, and the device was subjected to measurement of optical 
response time and observation of switching states. !n the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 

30 

IQQc 25^0 40^0 

Response time (psec) 633 329 180 

35 

Example 56 

A liquid crystal composition V was prepared by mixing the following example compounds in the 
40 indicated proportions with the liquid crystal composition O prepared in Example 21. 



45 



50 



55 
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Ex,Comp,No. Structural formula wt> parts 



1-215 



10 



15 



20 



1-241 



^3«7<H>(^>g>-C6Hi3 



1-248 CgHiyOHg^^^^yc^H. 



6 "13 



Composition O 93 

25 A ferroelectric liquid crystal device was prepared in the same manner as in Example 12 except that the 
above liquid crystal composition V was used, and the device was subjected to measurement of optical 
response time and observation of switching statiss. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 



lO^C 25^C 40^C 



Response time (psec) 618 321 . 176 



As is apparent from the results shown in the above Examples 53 - 56. the ferroelectric liquid crystal 
devices containing the liquid crystal compositions S, T. U and V showed an Improved tow-temperature 
operation characteristic, a high-speed responsiveness, and a decreased temperature dependence of the 
response speed. 

40 As described hereinabove, according to the present invention, there are provided a mesomorphic 
compound, a liquid crystal composition containing the compound, and a liquid crystal device using the 
composition which shows a good switching characteristic, an improved low-temperature operation char- 
acteristic and a decreased temperature-dependence of response speed. According to the present invention, 
there Is also provided a display apparatus utilizing the liquid crystal device of the present invention as a 

45 display unit, which shows good display characteristics In combination with a light source, a drive circuit, etc. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, GR, IT, U, LU, NL, SE 

50 1, A mesomorphic compound represented by the following formula (I): 



-X, -A^ ^ y A2 -eX2-A3^ X 3-R2 [ I ] r 

55 S 

wherein Ri and R2 respectively denote an alkyl group having 2 7 16 carbon atoms capable of having a 
substituent: Xi and Xa respectively denote a single bond. -0-, 



147 



5 



75 



20 



25 



35 



40 



45 



SO 
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-0C-, -00- or -C-; 
0 0 o 



X2 denotes a.single bond, 



-OC- or -CO-; 
10 0 0 

An and A2 respectively denote a single bond. 



. <>■ 





As denotes 



30 




O- ^ 

JC X.; Xsb X4. and Xsc respectively denote hydrogen, fluorine, chlorine, bromine. -CH,. -CN or 
^^a-l^d n is 0 or 1. with proviso that: X, always denotes a single bond when A, denotes a s-ngie 
bond X, always denotes a single bond when A, denotes a single bond and n is 0; A, and A^ cannrt 
be single bonds simultaneously; X, cannot be -O- when Xi denotes a single bond or -0-. A, denotes a 
single bond or 



denotes 
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and Xi cannot be a single bond when Ai denotes 

and A2 denotes a single bond and n Is 0. 

A mesomorphic compound according to Claim 1, which is represented by any one of the following 
formulas [la] - [iq]: 



^4b ^5b 



N 




da], 



[lb], 



^4b ^5b 




tic]. 



^4b ^5b 



N 




tid], 



^4b ^5b 



[lel, 



149 




[If], 



fig]. 



[Ih], 



[li], 



113], 



[Ik], 



[II], 



150 



5 



10 



15 



20 



25 



30 



35 




40 

with proviso that Xa cannot be -O- when and Xgb are both hydrogen in the formula [la], and when 
X4a. Xsa, and Xg^ and ali hydrogen in the formula [If]; and Xi cannot be a single bond when X4a and 
Xsa are both hydrogen in the formula [ii]. 

45 3. A mesomorphic compound according to Claim 1, which is represented by any one of the following 
formulas [laa] - [Ina]: 



151 




tiaal. 



tlab], 



[Iba], 



[Ica], 



[Ida], 



[lea]. 
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^4a ^5a 



N 




^4b ^5b 



OC-R- 




10 



15 



^4a ^5a ^4b ^5b 



R. -CO 

' I 
O 





X3-R2 



tifb]. 



20 



^4a ^5a ^4b ^5b 





[Ifc], 



25 



30 



^4a ^5a 



R^ O 




N 

i 



^4b ^5b 




[Ifd], 



35 



^4a ^5a 



0 



dial. 



40 



45 



^4a ^5a 



R-jO- 




I lib). 



50 



[Ija], 



55 
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[Ika), 



^4a ^5a 




[ Ila ] , and 



^4b ^5b 




X3-R2 



[Ina]. 



4. A mesomorphic compound according to Claim 1. wiierein R, and R2 respectively denote any one of 
the following groups (\) - (iv): 

(i) an n-alkyi group having 4-14 carbon atoms; 

(ii) 



CH, 



-^CH24^CH-C„H2„^1 

v/herein m is an integer of 0 - 6 and n Is an integer of 2 - 8; 
(III) 



CH- 



tCHj-^^CH-eCHj-fg 0CtH2t+1 

wherein r Is an integer of 0 - 6, s is 0 or 1 and t Is an Integer of 1 - 12; and 
(Iv) 



-tCH24^CH-C^H2x+l 



wherein m is 0 or 1 and x Is an integer of 1 - 14. 

5. A liquid crystal composition comprising at least two mesomorphic compounds, at least one of which is 
a mesomorphic compound of the formula (I) according to any one of Claims 1 - 4. 
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6. A liquid crystal composition according to Claim 5, which comprises 1 - 500 wt. parts of a mesomorphic 
compound of the formula (I) per 100 wt. parts of at least one species of another mesomorphic 
compound other than the mesomorphic compound of the formula (I). 

7. A liquid crystal composition according to Claim 5, which comprises 1 - 500 wt. parts of two or more 
species of mesomorphic compounds of the formula (i) per 100 wt parts of at least one species of 
another mesomorphic compound other than the mesomorphic compound of the fomnula (I). 

8. A liquid crystal composition according to Claim 5. which assumes a chiral smectic phase. 

9. A liquid crystal device, comprising a pair of electrode plates and a liquid crystal composKion according 
to Claim 5 disposed between the electrode plates. 

10. A liquid crystal device according to Claim 9. which further comprises an insulating alignment control 
layer. 

11. A display apparatus comprising a liquid crystal device according to Claim 9. and vottage application 
means for driving the liquid crystal device. 

12. A display apparatus according to Claim 11, wherein the liquid crystal device constitutes a display panel 
wherein the alignment direction of liquid crystal molecules is switched by utilizing ferroelectricity of the 
liquid crystal composition to effect display. 

13. A display method comprising: 

providing a liquid crystal composition according to Claim 5 having ferroelectricity, and 
switching the alignment direction of liquid crystal molecules based on the fen'oelectricity of the 
liquid crystal composition to effect display. 

14- A display method, comprising: 

providing a liquid crystal device according to Claim 9, and 

switching the alignment direction of liquid crystal molecules to effect display based on the 
ferroelectricity of the liquid crystal composition contained in the liquid crystal device. 

Claims for the following Contracting State : ES 

1. The use of a mesomorphic compound represented by the following formula (I) in a liquid crystal 
composition: 

R, -Xi -(^Aj H-X2-A3-)^X3-R2 [II, 

wherein Ri and R2 respectively denote an alkyi group having 2-16 carbon atoms capable of having a 
substituent; Xi and X3 respectively denote a single bond. -0-, 



0 0 o 



X2 denotes a single bond, 

-00- or -co-; 

I « 

o o 
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X4a, Xsa. X4b. Xsb. and Xsc respectively denote hydrogen, fluorine, chlorine, bromine, -CH3, -CN or 
-CF3; and n Is 0 or 1, with proviso that: Xi always denotes a single borid when Ai denotes a single 
bond. X3 always denotes a single bond when A2 denotes a single bond and n is 0; Ai and Az cannot 
be single bonds simultaneously; X3 cannot be -O- when Xi denotes a single bond or -0-, Ai denotes a 
single bond or 

-<§>-/ and-A2^X2-A34^ 

denotes 

and Xi cannot be a single bond when Ai denotes 

and A2 denotes a single bond and n is 0. 

2. The use according to Claim 1, wherein the mesomorphic compound is represented by any one of the 
following formulas [la] - [Iq]: 
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^4b ^5b 



N 




[la]. 



10 



15 




[lb]. 



20 



^4b ^5b 




25 



30 



^4b ^5b 



[Id], 



35 



^4b ^5b' 




[le]. 



55 



157 




tif 1, 



tig]. 



tli]. 



[Ik], 



til] 



158 



5 



10 



15 



20 



25 



30 



35 




40 

with proviso that Xa cannot be -O when X4b and Xst are both hydrogen in the fonnuia [la], and when 
X4a, Xsa, X^b and Xs^ and all hydrogen In the formula [If]; and Xi cannot be a single bond when Xaq and 
Xsb are both hydrogen in the formula [ii]. 

45 3. The use according to Claim 1, wherein the mesomorphic compound is represented by any one of the 
following formulas [laa] - [Ina]: 



55 



159 




[laal. 



[lab]. 



[Iba], 



[Ica], 



[Ida], 



[lea]. 
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^4a ^5a 




N 



^4b ^5b 



OC-R- 



[Ifa], 



^4a ^5a ^4b ^5b 



R-l -CO 





X3-R2 



[Ifb], 



^4a ^5a ^4b ^5b 




^1 -^cj; — {^KU}-^! 




[Ifc], 



^4a ^5a ^4b ^5b 



R-jO 




/ N 




[Ifd], 



^4a ^5a 



o 



[lia]. 



R1O 



^4a ^5a 

Ar/ N. 



[lib]. 
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o 



N- 




[Ika], 



^4a ^5a 




[l].a], and 



'^4b ^5b 




tinal 



The use according to Claim 1, wherein Ri and Rz of the tnesomorphic compound used respectively 
denote any one of the followings groups (i) - Civ): 

fi) an n-alkyi group having 4-14 cartson atoms; 

(ii) 



CH- 



I 

-tCH2-hrCH-C„H2n+l 



wherein m is an integer of 0 - 6 and n is an integer of 2 - 8; 
fiii) 



wherein r is an integer of 0 - 6, s is 0 orl and t is an integer of 1 - 12; and 
(iv) 



wherein m is 0 or 1 and x is an integer of 1 - 14. 

The use of at least one mesomorphic compound of the formula (I) according to any one of Claims 1 - 4 
In a liquid crystal composition comprising at least two mesomorphic compounds. 
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6. The use according to Claim 5, wherein the liquid crystal composition comprises 1 - 500 wt. parts of a 
mesomorphic compound of the formula (1) per 100 wt. parts of at least one species of another 
mesomorphic compound other than the mesomorphic compound of the formula (I). 

7. The use according to Claim 5. wherein the liquid crystal composition comprises 1 - 500 wt. parts of two 
or more species of mesomorphic compounds of the formula (I) per 100 wt. parts of at least one species 
of another mesomorphic compound other than the mesomorphic compound of the formula (I). 

8. The use according to Claim 5, wherein the liquid crystal compisitlon assumes a chirai smectic phase. 

9. A liquid crystal device, comprising a pair of electrode plates and a liquid crystal composKion according 
to Claim 5 disposed between the electrode plates. 

10. A liquid crystal device according to Claim 9, which further comprises an insulating alignment control 
layer. 

11. A display apparatus comprising a liquid crystal device according to Claim 9, and voltage application 
means for driving the liquid crystal device. 

12. A display apparatus according to Claim 11, wherein the liquid crystal device constitutes a display panel 
wherein the alignment direction of liquid crystal molecules Is switched by utilizing ferroelectricity of the 
liquid crystal composition to effect display. 

13. A display method comprising: 

providing a liquid crystal composition according to Claim 5 having ferroelectricity, and 
switching the alignment direction of liquid crystal molecules based on the ferroelectricity of the 
liquid crystal composition to effect display. 

14. A display method, comprising: 

providing a liquid crystal device according to Claim 9, and 

switching the alignment direction of liquid crystal molecules to effect display based on the 
fen'oelectriclty of the liquid crystal composition contained In the liquid crystal device. 

Patentanspriiche 

Patentansprtiche fUr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, LI, LU, NL, SE 

1. Mesomorphe Verbindung, die durch die folgende Formel (I) wiedergegeben wird: 



h -h -Al -{^^2 -f X2-A3fjj- X 3-R2 III' 



worin Ri und R2 jeweils eine Alkylgruppe mit 2 bis 16 Kohlenstoffatomen bezeichnen, die einen 
Substituenten haben kann; Xi und X3 jeweils eine Einfachbindung, -0-, 

-0C-- -CO- Oder -C- 

I I I 

00 o 



bezeichnen; X2 eine Einfachbindung, 



-OC- Oder -CO- 
I I 

o o 
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^y. -Q: ^ 

bezeichnen; As 

O- ^ 

Oder 

bezeichnet; X4a, Xga, X4b. Xgb, X4c und Xgc jeweils Wasserstoff, Fluor. Chlor. Brom. -CH3. -CN oder -CF3 
bezeichnen und n 0 oder 1 ist. wobei vorausgesetzt ist, daB: Xi immer eine Einfachbindung bezeichnet. 
wenn Ai eine Einfachbindung bezeichnet; X3 immer eine Bnfachbindung bezeichnet, wenn A2 eine 
Einfachbindung bezeichnet und n 0 ist; Ai und Aa nicht gleichzeitig Einfachbindungen sein konnen; X3 
nicht -O- sein kann, wenn Xi eine Einfachbindung oder -O- bezeichnet. Ai eine Einfachbindung oder 

bezeichnet und 

bezeichnet und X\ keine Bnfachbindung sein kann, wenn Ai 

bezeichnet und Az eine Einfachbindung bezeichnet und n 0 ist. 

2. Mesomorphe Verbindung nach Anspruch 1. die durch Irgendeino der folgenden Formein [!a] bis [Iq] 
wiedergegeben wird: 
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^4b ^5b 




^4b ^5b 



^4b ^5b 



^4b j^5b ^4b ^5b 



^4b ^5b 



165 




-R, [lal. 



^4b ^5b 



R2 



tie]. 



Ilf], 



3-^2 Ilg], 
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^4a ^5a 




H VR-j 



^4a J-Szn 
N 




tli]. 



lljl< 



^4a ^5a 





til). 



^4b ^5b 




O 



X3-R2 



[Ira], 




^4b ^5b 



N 



^4a ^5b 



[lol. 
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N 



^4b ^5b 




X3-R2 



tip] und 



10 



^4a %a 




N 



[Iql 



15 

wobei vorausgesetzt ist, daB X3 nicht -O- sein kann. wenn und Xgb in der Formel [la] beide 
Wasserstoff bedeuten und wenn X4a. Xga. Kxb und Xsb in der Formel [If] alie Wasserstoff bedeuten. und 
Xi keine Bnfachbindung sein kann, wenn X^a und Xsa In der Fonmel [H] beide Wasserstoff bedeuten, 

20 3. Mesomorphe Verbindung nach Anspruch 1, die durch irgendeine der folgenden Formein [laa] bis [Ina] 
wiedergegeben wird: 



25 



N 



^4h ^5b 




30 



35 



N 



^4b ^5b 



OCR. 




[lab]. 



40 



''4b Xsb ?4c Ha 



X3-R2 



Ilba], 



45 



50 



^4b ^5b 




o 



Ilea], 



55 
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llda]. 



Ileal, 



[Ifal, 



llfb]. 



[Ifcl, 



llfd]. 



llial, 



O 
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^4a ^5a 



RiO 




I lib]. 



R 




^4a ^5a 




[Ila] und 



^4b ^5b 



[Ina]. 



Mesomorphe Verbindung nach Anspruch 1, bei der Ri und R2 jeweils irgendeine der folgenden 
Gruppen (i) bis (iv) bezeichnen: 

(i) eine n-Alkylgruppe mit 4 bis 14 Kohlenstoffatomen; 

(ii) 

CH3 

-<CH2VCH-C„H2^^, , 

worin m eine ganze Zaiil von 0 bis 6 ist und n eine ganze Zahl von 2 bis 8 ist: 
(ill) 

CH3 

worin r eine ganze Zahl von 0 bis 6 ist, s 0 Oder 1 ist und t eine ganze Zahl von 1 bis 12 ist; und 
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(iv) 



F 

1 

-tCH2-^CH-C^H2^^, , 

worin m 0 oder 1 ist und x eine ganze Zahl von 1 bis 14 1st. 

5. FlUssigkrtstallmischung. die mindestens zwel mesomorphe Verbindungen umfaBt. von denen minde- 
stens eine eine mesomorphe Verbindung der Formei (I) nach einem der Anspriiche 1 bis 4 ist. 

6. FIQssigkristallmischung nach Anspruch 5, die pro 100 Masseteile mindestens einer Spezies einer 
anderen. mesomorphen Verbindung. die von der mesomorphen Verbindung der Fomiel (I) verschieden 
ist, 1 bis 500 IVIasseteile einer mesomorphen Verbindung der Formei (I) umfaBt. 

7. FIussjgl<ristallmischung nach Anspruch 5. die pro 100 Masseteile mindestens einer Spezies einer 
anderen mesomorphen Verbindung. die von der mesomorphen Verbindung der Formei (I) verschieden 
ist. 1 bis 500 Masseteile von zwei oder mehr Spezies von mesomorphen Verbindungen der Formei (1) 
umfaBt. 

8. FIQssigkristallmischung nach Anspruch 5. die eine chirale smektische Phase annimmt. 

9. FIQssigkristallvorrichtung. die ein Paar Elektrodenplatten und eine Flussigkristalimischung nach An- 
spruch 5, die zwischen den Elektrodenplatten angeordnet ist. umfaSt. 

10. Flusslgkristallvorrichtung nach Anspruch 9, die femer eine isolierende Ausrichtungseinstellungsschicht 
umfaBt. 

11. Anzeigegerat. das eine Russigkrlstalivorrichtung nach Anspruch 9 und eine Einrichtung zum Aniegen 
einer Spannung fOr die Ansteuerung der ROssigkristallvonrichtung umfaBt. 

12. Anzeigegerat nach Anspruch 11, bei dem die Flussigkristallvonichtung ein Anzeigefeld bildet. be! dem 
die Ausrichtungsrichtung von RDssigkristallmolekOlen durch Ausnutzung der Ferroelektrizitat der Flus- 
sigkristalimischung umgeschaltet wird, urn eine Anzeige zu bewirken. 

13. Anzeigeverfahren, bei dem „ . ^ ^ 
eine FlUsslgkristallmischung nach Anspruch 5. die Fen'oelektrlzitat zeigt. bereitgestellt wird, und 

die Ausrichtungsrichtung von Russigkristallmolekulen auf der Ferroelektrizitat der FIQssigkristallmi- 
schung basierend umgeschaltet wird. urn eine Anzeige zu bewirken. 

14. Anzeigeverfahren, bei dem 

eine RUssigkristallvonichtung nach Anspruch 9 bereitgestellt wird und 

die Ausrichtungsrichtung von FIQsslgkristallmolekOlen umgeschaltet wird. um eine Anzeige zu bewirt<en, 
die auf der Ferroelektrizitat der In der RUssigkristallvorrichtung enthaltenen RQssigkristallmischung 
basiert. 

PatentansprUche fUr f olgenden Veitragsstaat : ES 

1. Venvendung einer mesomorphen Verbindung, die durch die folgende Fomfiel (I) wiedergegeben wird: 



worin Ri und Rz jeweils eine Alkylgruppe mit 2 bis 16 Kohlenstoffatomen bezeichnen. die einen 
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Substituenten haben kann; Xi und Xa jeweils eine Einfachbindung, 



-OC-, -CO- Oder -C- 

I I I 

GO O 



bezeichnen; X2 eine Einfachbindung, 



-OC- Oder -CO- 

1 I 

o o 



bezeichnet: Ai und Az jeweils eine Enfaclibindung, 




O- ^ '^- •^ 

bezeichnen; A3 
Oder 

bezeichnet; X4a, X^a, Xib. X55, X4C und Xsc jeweils Wasserstoff, Fluor, Chlor. Brom, -CH3. -CN oder -CF3 
bezeichnen und n 0 oder 1 ist, wobei vorausgesetzt tst, daB: Xi immer eine Einfachbindung bezeichnet, 
wenn Ai eine Einfachbindung l^ezeichnet; X3 immer eine Qnfachbindung bezeichnet, wenn A2 eine 
Einfachbindung bezeichnet und n 0 ist; Ai und As nicht gleichzeit Einfachbindungen sein k5nnen; X3 
nicht -0- sein kann, wenn Xi eine Einfachbindung oder -0- bezeichnet, Ai eine Einfachbindung oder 

bezeichnet und 
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bezeichnet und Xi keine Bntachbindung sein kann, wenn Ai 

bezeichnet und A2 eine Einfachbindung bezeichnet und n 0 ist, 
in einer Russigicristallmischung. 

2. Ven/vendung nach Anspruch 1. bei der die mesomorphe Verbindung durch Irgendeine der folgenden 
Formeln [la] bis [Iq] wiedergegeben wird: 
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^4b ^5b 

N 




^4b%b ^4c ^5c 




^4b ^5b 




^4b ^5b 




^4b jfSb ^4b ^5b 




[lb]. 



^4b ^5b 



tie]. 



^4b '^Sb 



.g, --^2 tig]. 
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m 



X4a ^5a 



^4a ,^5a 




> 



[li]. 



llj]. 



[Ik], 



^4a ^5a 





^4b ^5b 



[11], 



tlm], 




tin], 



^4a ^5b 

N- 




X3-R2 



[lol,. 
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^4b ^5b 




X3-R2 



[Ip] und 



70 



75 



^4a ^5a 




N 



tlql 



wobei vorausgesetzt ist, daB X3 nicht -O- seln kann, wenn und X55 in der Forme) [la] belde 
Wasserstoff bedeuten und wenn X4a. Xsa. X4b und Xgb in der Formel [If] alia Wasserstoff bedeuten. und 
Xi keine Bnfachbindung sein kann, wenn X4a und Xga in der Formel [II] beide Wasserstoff bedeuten. 

20 3. Ven^vendung nach Anspruch 1, bei der die mesomorphe Verbindung durch irgendeine der folgenden 
Formein [laa] bis [fna] wiedergegeben wrrd: 



25 



Hh ^5b 



[laa]. 



30 



35 



^4b ^5b 



OCR. 

I ' 

o 



[labl. 



40 



^4b %b ^4c ^Sc 




[Iba], 



45 



50 



^4b ^5b 




o 



[Ica], 



55 
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[Ida), 



[leal. 



[Ifal, 



tifbl. 



tifcl, 



(Ifdl, 



[lia]. 



O 
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und 



Verwendung nach Anspruch 1. bei dsr R, und R2 der verwendeten mesomorphen Verbindung jeweits 
irgendeine der folgenden Gruppen 

(i) bis (iv) bezeichnen: 

(i) eine n-Alkylgruppe mil 4 bis 14 Kohlenstoffatomen; 

m 

CH3 

worin m eine ganze 2ahl von 0 bis 6 1st und n eine ganze Zahl von 2 bis 8 1st; 
Oil) 



worin r eine ganze Zahl von 0 bis 6 ist, s 0 oder 1 ist und t eine ganze Zahl von 1 bis 12 ist; und 
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fiv) 



worin m 0 oder 1 isl und x eine ganze Zahl von 1 bis 14 ist. 

5. Verwendung mindestens einer mesomorphen Verbindung der Formel (0 nach f ^'^^'^^^P^^^^ ' 
Ws 4 in einer FlUssigkristallmischung. die mindestens zwei mesomorphe Verbmdungen umfaBt. . 

6. verwendung nach Anspruch 5. bei der die RQssigkristallmischung pro 100 Masseteile ^^l-nJest^^Ltu 
Spezles einer anderen mesomorphen Verbindung: die von der mesomorphen Ve*.ndung der Fom,el (0 
verschieden Ist. 1 Ws 500 IVIasseteile einer mesomorphen Verbindung der Fomiel (I) umfaflt 

7 Verwendung nach Anspruch 5. bei der die RQssigkristallmischung pro 100 Masseteile mindestens einer 
SD^i einer andeVen mesomorphen Verbindung. die von der mesomorphen Verbindung der Formel (I) 
SiedrU 1 Ss S)0 Masseteile von zwei oder mehr Spezies von mesomorphen Verbmdungen 
der Formel (I) umfaBt. 

8. Verwendung nach Anspruch 5. bei der die ROssigkristallmischung eine chirale smektische Phase 
annimmt. 

9. Russigkristallvorrichtung, die ein Paar Elektrodenplatten und eine ROssigkristallmischung nach An- 
spruch 5, die zwischen den Elektrodenplatten angeordnet «st umfaBt. 

10. Russigkristallvorrichtung nach Anspruch 9. die femer eine isolierende Ausrichtungseinstellungsschlcht 
umfaBt. 

11 Anzeigegerat. das eine Russigkristallvorrichtung nach Anspruch 9 und eine Einrichtung zum Aniegen 
aner Spannung fOr die Ansteuerung der Russigkristalh/orrichtung umfaBt. 

12. Anzeigegerat nach Anspmch 11. bei dem die RUssigkristallvonichtung ein '^^'^'^fl^^^^^ 
drelSsSchtungsrichtung von RUssigkristallmolekUlen durch Ausnutzung der Ferroelektnzrt&t der ROs- 
sigkristallmischung umgeschaltet wird. urn eine Anzeige zu bewirken. 

'Z^S^^ nach Anspruch 5. die Fe.oelektriz«.t zeigt. t».^st^^^^ 

die Ausrichtungsrichtung von RUssigkristallmolekUlen auf der Ferroelektnzitat der FIOssigkr.stallm. 

schung baslerend umgeschaltet wird. urn eine Anzeige zu bewirken. 

14. Anzeigeverfahren, bei dem ..... 
eine Russigkristallvorrichtung nach Anspruch 9 bereitgestellt wird und 
die AusrichWichtung von RUssigkristallmolekUlen umgesd^^^^^ 

die auf der Ferroelelctrizltat der In der RUssigkristallvomchtung enthaltenen ROssigkristallmischung 
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Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, GR» IT. LI, LU. 
NL, SE 

1. Compose m^somorphe represent^ par la fonmule (I) suivante : 

-Xi -A, J ■yA2 -fX2-A3^ X3-R2 [ i ] , 



dans laquelte Ri et Ra representent, respectivement. un groupe alkyle ayant 2 a 16 atomes de 
carbone. capable de porter un substituant ; Xi et X3 representent respectivement une liaison simple. 

-0C-, -CO- ou -C- ; 
C O o 



X2 repr^sente une liaison simple. 



-OC- ou -CO- ; 
I II 

o o 



Ai et A2 representent respectivement une liaison simple, 



^4a /Sa ^4b /sb' 





<i>' ^y- i^' 



A3 represente 
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U- O- ^. 



X«a Xsa X4b. Xsb. et Xsc representent respectivement rhydrogene. le fluor. le chlore. le brome. un 
groupe -CH3. -CN ou -CF3 ; et n a la valeur 0 ou 1. sous reserve que : Xi d^signe toujours une liaison 
simple lorsque A, designe une liaison simple, que X3 d^signe toujours une liaison simple lorsque A2 
deslgne une liaison simple et n est egal k 0 : que A, et Aj ne puissent pas etre simultan^ment des 
liaisons simples ; que Xa ne puisse pas repr#senter -O- lorsque X, repr6sente une liaison simple ou 
-0-, Ai repr^sente une liaison simple ou 



et-A2<X2-A3>n designs 



et que Xi ne puisse pas §tre une liaison simple lorsque Ai represente 



et A2 represente une liaison simple et n est egal a 0. 

2. Compose mesomorphe suivant la revendication 1. qui est represent^ par Tune quelconque des 
formules [la] - [Ig] suivantes : 
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^4b ^5b 




[Im], 




■N '^S 



^4b 



X3-R2 



[In], 



^4a ^5b 



R,-Xi 




[lo] , 



^Sb 



tip], et 



4a ^^5a 
N 



Rl-X^ 




[Iq] 



sous reserve que X3 ne puisse pas etre -0- lorsque X4b et )Qb sent tous deux de Thydrog&ne dans la 
formula [la] et lorsque X4a. Xga. X4b et Xgb sont tous de I'hydrogfene dans la formule [If] ; et que Xi ne 
puisse pas etre une liaison simple lorsque et Xsa sont tous deux de I'hydrogene dans la formule [li]. 



3. Compose m^somorphe suivant la revendication 1, qui est represent^ par Tune quelconque des 
formulas [laa] • [Ina] suivantes : 
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( laa ] , 



tlab]. 



C Iba ] , 



[Ica] , 



[Ida], 



tlea]. 
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^4a ^5a ^4b ^5b 



Ufa], 



^4a ^5a ^4b '^Sb 



R, -CO 
II 

o 




X3-R2 



4b '^Sb 




N 




tlfcj. 



^4a j^5a ^4b '^Sb 



[Ifd], 



^4a ^5a 



CO 




tliaj. 



^5a 



[lib]. 



lljal. 



185 




fllal, et 



^4b '^Sb 




( Ina 1 . 



I. Compost mesomorphe suivant la revendication 1. dans lequel R, et R. d6signent respectivement n 
quelconque des groupes (i) - (iv) suivants : 

(i) un groupe n-alkyle ayant 4 a 14 atomes de carbone : 

(ii) 



CH- 



oCi m est un nombre entier de 0 Si 6 et n est un nombre entier de 2 & 8 : 

m 



9«3 



-CCH2tj-CH-(-CH2^ 0CtH2t+l 

oO r est un nombre entier de 0 Si 6, s a la valeur 0 ou 1 et t est un nombre entier de 1 & 12 : et 
fiv) 



F 
1 



oil m a la valeur 0 ou 1 et x est un nombre entier de 1 & 14. 

5. Composition a cnslal fiquide. comprenant au moins deux composes mssomorphes dont I'un au moins 
est un composi mesomorphe de lormule (I) suivant rune quelconque des revend.cat.ons 1 a 4. 

6. composition a crista! liquide suivant la revendication 5. qui cornprend 1 h 500 P^«s P°if^%^" 
Snpos^ mesomorphe de fom,ule (I) pour 100 parties en poids d'au mo.ns un representant d un autre 
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compost m^somorphe different du compost mSsomorphe de formule (I). 

7. Composition a cristal liquide suivant la revendicatlon 5, qui comprend 1 a 500 parties en poids de deux 
ou plus de deux repr§sentants de composes mesomorphes de formule (I) pour 100 parties en poids 
d'au molns un representant d'un autre compose m^somorphe different du ccmposi mesomorphe de 
formule (I). 

8. Composition k cristal liquide suivant la revendicatlon 5. qui adopte une phase smectique chirale. 

9. Dispositif k cristal liquide, comprenant une paire de plaques d'electrodes et une composition h cristal 
liquide suivant la revendicatlon 5 dispos^e entre les plaques d'electrodes. 

10. Dispositif a cristal liquide suivant la revendicatlon 9. qui comprend en outre une couche isolante de 
reglage d'allgnement. 

11. Appareil d'affichage comprenant un dispositif a cristal liquide suivant la revendlcation 9, et un moyen 
d'application d'une tension pour attaquer le dispositif a cristal liquide. 

12. Appareil d'affichage a cristal liquide suivant la revendicatlon 11, dans iequel le dispositif a cristal liquide 
constltue un panneau d'affichage dans Iequel la direction d'alignement des molecules de cristal liquide 
est commut^e par utilisation de la ferroelectrlcite de la composition a cristal liquide pour effectuer 
Taffichage. 

13. Precede d'affichage, comprenant les etapes qui consistent : 

k prendre une composition a cristal liquide suivant la revendicatlon 5. dou§e de ferro6iectriclt§ et 
a commuter la direction d'alignement des molecules de cristal liquide sur la base de la ferroelectrl- 
cite de la composition ^ cristal liquide pour effectuer Taffichage. 

14. Precede d'affichage, qui comprend les Stapes consistant : 

a prendre un dispositif a cristal liquide suivant la revendicatlon 9, et 

a commuter la direction d'alignement des molecules de cristal liquide pour effectuer Taffichage sur 
la base de la ferroelectricHe de la composition h cristal liquide contenue dans le dispositif h cristal 
liquide. 

Revendlcatlons pour TEtat contractant suivant : ES 

1- Utilisation, dans une composition a cristal liquide. d'un compost mesomorphe represent^ par la 
formule (I) suivante : 



dans laquelle Ri et R2 representent, respectivement. un groupe alkyle ayant 2 k ^6 atomes de 
carbone, capable de porter un substituant ; Xi et X3 representent respectivement une liaison simple, 




0C-, -co- ou -c- 

e I g 



00 0 



X2 repr^sente une liaison simple, 
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-oc- ou -CO- ; 

D D 
o o 



A, et Aa repr6sentent respectivement une liaison simple, 





■ 



Aa represente 



^4c ,^5c 




o- ^ . 

simpte iorsq.;e A, d^signe une liaison simple, que X, d6signe toujours une li^son ^irnp e lorsque Aa 
dJgne une liaison simple et n est 6gal k 0 : que A, et A. ne puissent pas §tre s^"''^'^"'^"* 
liaisons simples ; que X, ne puisse pas represerrter -O- lorsque X, represente une liaison simple ou 
-0-. Ai represents une liaison simple ou 



et-A2-(X2-A3>n designs 



et que Xi ne puisse pas etre une liaison simple lorsque Ai represente 
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et A2 repr^sente une riaison simple et n est 4gal h 0. 

Utilisation suivant la revendication 1. dans laquelle le cotnpos6 mfisomorphe est reprSsent^ par I'une 
quelconque des formules [la] - [Iq] suivantes : 

^4b ^5b 

^1^.X^'^3-H2 [la], 






^4b ^5b 




2 tie]. 



^4b %b 



[Id], 
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[lel, 



[If], 



[ig]. 



[Ih], 



[li]. 



(Ij J, 
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sous reserve que X3 ne puisse Pas etre -0- lorsque X^^, et Xsb sont tous deux d© Thydrogene dans la 
formule [la] et lorsque X4a. Xsa, et X^t, sont tous de Phydrogene dans la formule [If] : et que Xi ne 
puisse pas etre une liaison simple lorsque X4a et Xsa sont tous deux de Thydrogene dans la formule [li]. 

Utilisation suivant la revendication 1 . dans laquelle le composi m^somorphe est represent^ par Tune 
quelconque des formulas [laa] - [Ina] suivantes : 
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tiaa]. 



[labl, 



tibal, 



[Ica] , 



[Ida], 



tlea]. 
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^1 -^1 ^^(^^-K^f -^2 t Ifa ] , 



O 



^4a ^5a ^4b ^5b 




^1 



tifb]. 



^4a ^5a ^4b ^5b 

A^>^^2 [Ifcj, 




^4a ^5a ^4b ^5b 





^4a ^5a 



o 



^4a ^5a. 




Xr^2 [lib], 

S 
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[IkaJ, 



^4a ^5a 




flla], et 



^4b ^5b 




0 



-N 



X3-R2 



t Ina ] 



Utilisation suivant la revendication 1. dans laquelle R, et Rz dans le compose mesomorphe utilise 
designent respectivement Tun quelconque des groupes fi) - C'v) suivants : 

0) un groupe n-alkyte ayant 4^14 atomes de carbone ; 

Cii) 



oO m est un nombre entier de 0 a 6 et n est un nombre entler de 2 S 8 ; 
fiii) 



I ^ 

0 r est un nombre enlier de 0 a 6. s a la valeur 0 ou 1 et t est un nombre entier de 1 a 12 ; et 



ou 
(iv) 



* 



oCi m a la valeur 0 ou 1 et x est un nombre entier de 1 & 14. 



Utilisation d'au moins un compost mesomorphe de fomnule (1) suivant rune quelconque des revendica- 
Sns f T 4 dans une competition & cristal liquide. comprenant au moins deux composes m^somor- 
phes. 
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6. Utilisation suivant la revendication 5, dans laquelle la composition h cristal liquide comprend 1 a 500 
parties en poids d'un compose m^somorphe de tormule (1) pour 100 parties en poids d'au moins un 
repr^sentant d'un autre compose mesomorphe different du compose m^somorphe de formule (I). 

7. Utilisation suivant la revendication 5, dans laquelle la composition a cristal liquide comprend 1 a 500 
parties en poids de deux ou plus de deux representants de composes mesomorphes de formule (I) 
pour 100 parties en poids d*au moins un representant d'un autre compose mesomorphe different du 
compose mesomorphe de formule (I). 

8- Utilisation suivant la revendication 5, dans laquelle la composition a cristal liquide adopte une phase 
smectique chlrale. 

9. Dispositif h cristal liquide. comprenant une paire de plaques d'electrodes et une composition h cristal 
liquide suivant la revendication 5 disposee entre les plaques d'^lectrodes. 

10. Dispositif a cristal liquide suivant ia revendication 9. qui comprend en outre une couche Isolante de 
reglage d'alignement. 

11. Apparell d'affichage comprenant un dispositif h cristal liquide suivant la revendication 9, et un moyen 
d'application d'une tension pour attaquer le dispositif a cristal liquide. 

12. Apparell d*affichage a cristal liquide suivant la revendication 11. dans lequel le dispositif a cristal liquide 
constitue un panneau d'affichage dans lequel la direction d'alignement des molecules de cristal liquide 
est commutee par utilisation de la fen-o^lectricite de la composition it cristal liquide pour effectuer 
I'affichage. 

13. Precede d'affichage, comprenant les etapes qui consistent : 

h prendre une composition a cristal liquide suivant la revendication 5, dou^e de ferroelectricite et 
k commuter la direction d'alignement des molecules de cristal liquide sur la base de la fen-o^lectri- 
clt6 de la composition a cristal liquide pour effectuer Taffichage, 

14. Precede d'affichage, qui comprend les etapes consistant : 

a prendre un dispositif a cristal liquide suivant la revendication 9. et. 

h commuter la direction d'alignement des molecules de cristal liquide pour effectuer Taffichage sur 
la base de la fen^o^lectrlclt^ de la composition k cristal liquide contenue dans le dispositif a cristal 
liquide. 
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FIG. I 
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2la 




FIG. 2 
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